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CHAPTER  I 


INTRODUCTION 

STATUTORY  REQUIREMENTS  AND  GENERAL  PURPOSE 

Under  Section  3001(b)(2)(A)  of  the  1980  Amendments  to  the  Resource 
Conservation  and  Recovery  Act  (RCRA),  Congress  temporarily  exempted 
several  types  of  solid  wastes  from  regulation  as  hazardous  wastes, 
pending  further  study  by  the  Environmental  Protection  Agency 
(EPA).1    Among  the  categories  of  wastes  exempted  were  "drilling 
fluids,  produced  waters,  and  other  wastes  associated  with  the 
exploration,  development,  or  production  of  crude  oil  or  natural  gas  or 
geothermal  energy."    Section  8002(m)  of  the  Amendments  requires  the 
Administrator  to*study  these  wastes  and  submit  a  final  report  to 
Congress.    This  report  responds  to  those  requirements.    Because  of  the 
many  inherent  differences  between  the  oil  and  gas  industry  and  the 
geothermal  energy  industry,  the  report  is  submitted  in  three  volumes. 
Volume  1  (this  volume)  covers  the  oil  and  gas  industry;  Volume  2  covers 
the  geothermal  energy  industry;  Volume  3  covers  State  regulatory 
summaries  for  the  oil  and  gas  industry  and  includes  a  glossary  of  terms. 
This  report  discusses  wastes  generated  only  by  the  onshore  segment  of  the 
oil  and  gas  industry. 

The  original  deadline  for  this  .study  was  October  1982.    EPA  failed  to 
meet  that  deadline,  and  in  August  1985  the  Alaska  Center  for  the 
Environment  sued  the  Agency  for  its  failure  to  conduct  the  study. 


1    EPA  is  also  required  to  make  regulatory  determinations  affecting  the  oil  and  gas  and 
geothermal  energy  industries  under  several  other  major  statutes,    These  include  designing 
appropriate  effluent  limitations  guidelines  under  the  Clean  Water  Act,  determining  emissions 
standards  under  the  Clean  Air  Act.  and  implementing  the  requirements  of  the  underground  injectv 
control  program  under  the  Safe  Drinking  Water  Act. 


EPA  entered  into  a  consent  order,  obligating  it  to  submit  the  final 
Report  to  Congress  on  or  before  August  31,  1987.    In  April  1987,  this 
schedule  was  modified  and  the  deadline  for  submittal  of  the  final  Report 
to  Congress  was  extended  to  December  31,  1987. 

Following  submission  of  the  current  study,  and  after  public  hearings 
and  opportunity  for  comment,  the  Administrator  of  EPA  must  determine 
either  to  promulgate  regulations  under  the  hazardous  waste  management 
provisions  of  RCRA  (Subtitle  C)  or  to  declare  that  such  regulations  are 
unwarranted.    Any  regulations  would  not  take  effect  unless  authorized  by 
an  act  of  Congress. 

This  does  not  mean  that  the  recommendations  of  this  report  are 
limited  to  a  narrow  choice  between  application  of  full  Subtitle  C 
regulation  and  continuation  of  the  current  exemption.    Section  8002 (m) 
specifically  requires  the  Administrator  to  propose  recommendations  for 
"[both]  Federal  and  non- Federal  actions"  to  prevent  or  substantially 
mitigate  any  adverse  effects  associated  with  management  of  wastes  from 
these  industries.    EPA  interprets  this  statement  as  a  directive  to 
consider  the  practical  and  prudent  means  available  to  avert  health  or 
environmental  damage  associated  with  the  improper  management  of  oil,  gas, 
or  geothermal  wastes.    The  Agency  has  identified  a  wide  range  of  possible 
actions,  including  voluntary  programs,  cooperative  work  with  States  to 
modify  their  programs,  and  Federal  action  outside  of  RCRA  Subtitle  C, 
such  as  RCRA  Subtitle  D,  the  existing  Underground  Injection  Control 
Program  under  the  Safe  Drinking  Water  Act,  or  the  National  Pollution 
Discharge  Elimination  System  under  the  Clean  Water  Act. 

In  this  light,  EPA  emphasizes  that  the  recommendations  presented  here 
do  not  constitute  a  regulatory  determination.    Such  a  determination 
cannot  be  made  until  the  public  has  had  an  opportunity  to  review  and 
comment  on  this  report  (i.e.,  the  determination  cannot  be  made  until  June 
1988).    Furthermore,  the  Agency  is,  in  several  important  areas, 
presenting  optional  approaches  involving  further  research  and 
consultation  with  the  States  and  other  affected  parties. 
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STUDY  APPROACH 


The  study  factors  are  listed  in  the  various  paragraphs  of  Section 
8002(m),  which  is  quoted  in  its  entirety  as  Exhibit  1  (page  1-13).  For 
clarity,  the  Agency  has  designed  this  report  to  respond  specifically  to 
each  study  factor  within  separate  chapters  or  sections  of  chapters.  It 
is  important  to  note  that  although  every  study  factor  has  been  weighed  in 
arriving  at  the  conclusions  and  recommendations  of  this  report,  no  single 
study  factor  has  a  determining  influence  on  the  conclusions  and 
recommendations . 

The  study  factors  are  defined  in  the  paragraphs  below,  which  also 
introduce  the  methodologies  used  to  analyze  each  study  area  with  respect 
to  the  oil  and  gas  industry.    More  detailed  methodological  discussions 
can  be  found  later  in  this  report  and  in  the  supporting  documentation  and 
appendices. 

STUDY  FACTORS 

The  principal  study  factors  of  concern  to  Congress  are  listed  in 
subparagraphs  (A)  through  (G)  of  Section  8002(m)(l)  (see  Exhibit  1).  The 
introductory  and  concluding  paragraphs  of  the  Section,  however,  also 
contain  directives  to  the  Agency  on  the  content  of  this  study.  This 
work  has  therefore  been  organized  to  respond  to  the  following 
comprehensive  interpretation  of  the  8002(m)  study  factors. 

Study  Factor  1  -  Defining  Exempt  Wastes 

RCRA  describes  the  exempt  wastes  in  broad  terms,  referring  to 
"drilling  fluids,  produced  waters,  and  other  wastes  associated  with  the 
exploration,  development,  or  production  of  crude  oil  or  natural  gas  or 
geothermal  energy."    The  Agency,  therefore,  relied  to  the  extent  possible 
on  the  legislative  history  of  the  amendments,  which  provides  guidance  on 
the  definition  of  other  wastes.    The  tentative  scope  of  the  exemption  is 
discussed  in  Chapter  II  of  this  volume. 
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Study  Factor  2  -  Specifying  the  Sources  and  Volumes  of  Exempt  Wastes 


In  response  to  Section  8002(m) (1) (A) ,  EPA  has  developed  estimates  of 
the  sources  and  volumes  of  all  exempt  wastes.    The  estimates  are 
presented  in -Chapter  II,  "Overview  of  the  Industry." 

Comprehensive  information  on  the  volumes  of  exempt  wastes  from  oil 
and  gas  operations  is  not  routinely  collected  nationwide;  however, 
estimates  of  total  volumes  produced  can  be  made  through  a  variety  of 
approaches . 

jWi th  respect  to  drilling  muds  and  related  wastes,  two  methods  for 
estimating  volumes  are  presented.    The  first,  developed  early  in  the 
study  by  EPA,  estimates  drilling  wastes  as  a  function  of  the  size  of 
reserve  pits.    The  second  method  is  based  on  a  survey  conducted  by  the 
American  Petroleum  Institute  (API)  on  production  of  drilling  muds  and 
completion  fluids,  cuttings.,  and  other  associated  wastes  discharged  to 
reserve  pits.    Both  methods  and  their  results  are  included  in  Chapter  II, 

Similarly,  EPA  and  API  developed  independent  estimates  of  produced 
water  volumes.    EPA's  first  estimates  were  based  on  a  survey  of  the 
injection,  production,  and  hauling  reports  of  State  agencies;  API's  were 
based  on  its  own  survey  of  production  operations.    Again,  this  report 
presents  the  results  of  both  methodologies. 

Study  Factor  3  -  Characterizing  Wastes 

Section  8002{m)  does  not  directly  call  for  a  laboratory  analysis  of 
the  exempted  wastes,  but  the  Agency  considers  such  a  review  to  be  a 
necessary  and  appropriate  element  of  this  study.    Analysis  of  the 
principal  high-volume  wastes  (i.e.,  drilling  fluids  and  produced  waters) 
can  help  to  indicate  whether  any  of  the  wastes  may  be  hazardous  under  the 
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definitions  of  RCRA  Subtitle  C.    Wastes  were  examined  with  regard  to 
whether  they  exhibited  any  of  the  hazardous  characteristics  defined  under 
40  CFR  261  of  RCRA,  including  extraction  procedure  toxicity, 
ignitability,  corrosivity,  and  reactivity.    Also,  a  compositional 
analysis  was  performed  for  the  purpose  of  determining  if  hazardous 
constituents  were  present  in  the  wastes  at  concentrations  exceeding 
accepted  health-based  limits. 

EPA  therefore  conducted  a  national  screening  type  program  that 
sampled  facilities  to  compile  relevant  data  on  waste  characteristics. 
Sites  were  selected  at  random  in  cooperation  with  State  regulatory 
agencies,  based  on  a  division  of  the  United  States  into  zones  (see 
Figure  1*1).    Samples  were  subjected  to  extensive  analysis,  and  the 
results  were  subjected  to  rigorous  quality  control  procedures  prior  to 
their  publication  in  January  1987.    Simultaneously,  using  a  different 
sampling  methodology,  API  sampled  the  same  sites  and  wastes  covered  by 
the  EPA- sponsored  survey.    Chapter  II  of  this  report,  "Overview  of  the 
Industry,"  presents  a  summary  of  results  of  both  programs. 

Study  Factor  4  -  Describing  Current  Disposal  Practices 

Section  8002(m) (1 ) (B)  calls  for  an  analysis  of  current  disposal 
practices  for  exempted  wastes.    Chapter  III,  "Current  and  Alternative 
Waste  Management  Practices,"  summarizes  EPA's  review,  which  was  based  on 
a  number  of  sources.    Besides  reviewing  the  technical  literature,  EPA 
sent  representatives  to  regulatory  agencies  of  the  major  oil-  and 
gas-producing  States  to  discuss  current  waste  management  technologies 
with  State  representatives.    In  addition,  early  drafts  of  this  study's 
characterizations  of  such  technologies  were  reviewed  by  State  and 
industry  representatives. 
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Figure  1-1 
Oil  and  Gas  Production  Zones 

Divisions  of  the  United  States 
Used  for  the 
RCRA  Section  8002(m)  Study  of 
Oil  and  Gas  Wastes 
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The  Agency  intentionally  has  not  compiled  an  exhaustive  review  of 
waste  management  technologies  used  by  the  oil  and  gas  industry.  As 
stressed  throughout  this  volume,  conditions  and  methods  vary  widely  from 
State  to  State  and  operation  to  operation.    Rather,  the  Agency  has 
described  the  principal  and  common  methods  of  managing  field-generated 
wastes  and  has  discussed  these  practices  in  general  and  qualitative  terms 
in  relation  to  their  effectiveness  in  protecting  human  health  and  the 
environment . 

Study  Factor  5  -  Documenting  Evidence  of  Damage  to  Human  Health  and  the 
Environment  Caused  bv  Management  of  Oil  and  Gas  Wastes 

Section  8O02(m) (I)(D)  requires  EPA  to  analyze  "documented  cases"  of 
health  and  environmental  damage  related  to  surface  runoff  or  leachate. 
Although  EPA  has  followed  this  instruction,  paragraph  (1)  of  the  section 
also  refers  to  "adverse  effects  of  such  wastes  [i.e.,  exempted  wastes, 
not  necessarily  only  runoff  and  leachate]  on  humans,  water,  air,  health, 
welfare,  and  natural  resources  " 

Chapter  IV,  "Damage  Cases,"  summarizes  EPA's  effort  to  collect 
documented  evidence  of  harm  to  human  health,  the  environment,  or  valuable 
resources.    Cases  were  accepted  for  presentation  in  this  report  only  if, 
prior  to  commencement  of  field  work,  they  met  the  standards  of  the  test 
of  proof,  defined  as  (1)  a  scientific  study,  (2)  an  administrative 
finding  of  damage  under  State  or  other  applicable  authority,  or 
(3)  determination  of  damage  by  a  court.    Many  cases  met  more  than  one 
such  test  of  proof. 

A  number  of  issues  of  interpretation  have  been  raised  that  must  be 
clarified  at  the  outset.    First,  in  the  Agency's  opinion,  the  case  study 
approach,  such  as  that  called  for  by  Section  8002(m),  is  intended  only  to 
define  the  nature  and  range  of  known  damages,  not  to  estimate  the 
frequency  or  extent  of  damages  associated  with  typical  operations.  The 
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results  presented  here  should  not  be  interpreted  as  having  statistical 
significance.    The  number  of  cases  reported  in  each  category  bears  no 
statistically  significant  relationship  to  the  actual  types  and 
distribution  of  damages  that  may  or  may  not  exist  across  the  United 
States. 

Second,  the  total  number  of  cases  bears  no  implied  or  intended 
relationship  to  the  total  extent  of  damage  from  oil  or  gas  operations 
caused  at  present  or  in  the  past. 

Third,  Section  8002(m) (1) (D)  makes  no  mention  of  defining 
relationships  between  documented  damages  and  violations  of  State  or  other 
Federal  regulations.    As  a  practical  necessity,  EPA  has  in  fact  relied 
heavily  on  State  enforcement  and  complaint  files  in  gathering 
documentation  for  this  section  of  the  report.3    Consequently,  a 
large  proportion  of  cases  reported  here  involve  violations  of  State 
regulations.    However,  the  fact  that  the  majority  of  cases  presented  here 
involve  State  enforcement  actions  implies  nothing,  positive  or  negative, 
about  the  success  of  State  programs  in  enforcing  their  requirements  on 
industry. 

Study  Factor  6  -  Assessing  Potential  Danger  to  Human  Health  or  the 
Environment  from  the  Wastes 

Section  8002(m) (1 ) (C)  requires .analysis  of  the  potential  dangers  of 
surface  runoff  and  leachate.    These  potential  effects  can  involve  all 
types  of  damages  over  a  long  period  of  time  and  are  not  necessarily 
limited  to  the  categories  of  damages  for  which  documentation  is  currently 
available. 


2  Other  sources  have  included  evidence  submitted  by  private  citizens  or  supplied  Oy  attorneys 
in  response  to  inquiries  from  EPA  researchers. 
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Several  methods  of  estimating  potential  damages  are  available,  and 
EPA  has  combined  two  approaches  in  responding  to  this  study  factor  in 
Chapter  V,  "Risk  Modeling."    The  first  has  been  to  use  quantitative  risk 
assessment  modeling  techniques  developed  for  use  elsewhere  in  the  RCRA 
program.    The  second  has  been  to  apply  more  qualitative  methods,  based  on 
traditional  environmental  assessment  techniques. 

The  goal  of  both  the  quantitative  and  the  qualitative  risk 
assessments  has  been  to  define  the  most  important  factors  in  causing  or 
averting  human  health  risk  and  environmental  risk  from  field  operations. 
For  the  quantitative  evaluation,  EPA  has  adapted  the  EPA  Liner  Location 
Model,  which  was  built  to  evaluate  the  impacts  of  land  disposal  of 
hazardous  wastes,  for  use  in  analyzing  drilling  and  production 
conditions.    Since  oil  and  gas  operations  are  in  many  ways  significantly 
different  from  land  disposal  of  hazardous  wastes,  all  revisions  to  the 
Liner  Location  Model  and  assumptions  made  in  its  present  application  have 
been  extensively  documented  and  are  summarized  in  Chapter  V.  The 
procedures  of  traditional  environmental  assessment  needed  no  modification 
to  be  applied. 

As  is  true  in  the  damage  case  work,  the  results  of  the  modeling 
analysis  have  no  statistical  significance  in  terms  of  either  the  pattern 
or  the  extent  of  damages  projected.    The  Agency  modeled  a  subset  of 
prototype  situations,  designed  to  roughly  represent  significant 
variations  in  conditions  across  the  country.    The  results  are  very  useful 
for  characterizing  the  interactions  of  technological,  geological,  and 
climatic  differences  as  they  influence  the  potential  for  damages. 

Study  Factor  7  -  Reviewing  the  Adequacy  of  Government  and  Private 
Measures  to  Prevent  and/or  Mitigate  any  Adverse  Effects 

Section  8002  (m)(l)  requires  that  the  report's  conclusions  of  any 
adverse  effects  associated  with  current  management  of  exempted  wastes 
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include  consideration  of  the  "adequacy  of  means  and  measures  currently 
employed  by  the  oil  and  gas  industry,  Government  agencies,  and  others"  to 
dispose  of  or  recycle  wastes  or  to  prevent  or  mitigate  those  adverse 
effects. 

Neither  the  damage  case  assessment  nor  the  risk  assessment  provided 
statistically  representative  data  on  the  extent  of  damages,  making  it 
impossible  to  compare  damages  in  any  quantitative  way  to  the  presence  and 
effectiveness  of  control  efforts.    The  Agency's  response  to  this 
requirement  is  therefore  based  on  a  qualitative  assessment  of  all  the 
materials  gathered  during  the  course  of  assembling  the  report  and  on  a 
review  of  State  regulatory  programs  presented  in  Chapter  VII,  "Current 
Regulatory  Programs."    Chapter  VII  reviews  the  elements  of  programs  and 
highlights  possible  inconsistencies,  lack  of  specificity,  potential 
problems  in  implementation,  or  gaps  in  coverage.    Interpretation  of  the 
adequacy  of  these  control  efforts  is  presented  in  Chapter  VIII, 
"Conclusions. " 

Study  Factor  8  •  Defining  Alternatives  to  Current  Waste  Management 
Practices 

Section  8002  (m)(l)  requires  EPA  to  analyze  alternatives  to  current 
disposal  methods.    EPA's  discussion  in  response  to  this  study  factor  is 
incorporated  in  Chapter  III,  "Current  and  Alternative  Waste  Management 
Practices." 

Chapter  III  merges  the  concepts  of  current  and  alternative  waste 
management  practices.    It  does  not  single  out  particular  technologies  as 
potential  substitutes  for  current  practices  because  of  the  wide  variation 
in  practices  among  States  and  among  different  types  of  operations. 
Furthermore,  waste  management  technology  in  this  field  is  fairly  simple. 
At  least  for  the  major  high-volume  waste  streams,  no  significant, 
field-proven,  newly  invented  technologies  that  can  be  considered 
"innovative"  or  "emerging"  are  in  the  research  or  development  stage. 
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Practices  that  are  routine  in  one  location  may  be  considered  innovative 
or  alternative  elsewhere.    On  the  other  hand,  virtually  every  waste 
management  practice  that  exists  can  be  considered  "current"  in  one 
specific  situation  or  another. 

This  does  not  mean  that  improvements  are  not  possible:  in  some  cases, 
currently  available  technologies  may  not  be  properly  selected, 
implemented,  or  maintained.    Near-term  improvements  in  waste  management 
in  these  industries  will  likely  be  based  largely  on  more  effective  use  of 
what  is  already  available. 

Study  Factor  9  -  Estimating  the  Costs  of  Alternative  Practices 

Subparagraph  (F)  calls  for  analysis  of  costs  of  alternative 
practices.    The  first  several  sections  of  Chapter  VI,  "Costs  and  Economic 
Impacts  of  Alternative  Waste  Management  Practices,"  present  the  Agency's 
analysis  of  this  study  factor. 

For  the  purposes  of  this  report,  EPA  based  its  cost  estimates  on  21 
prototypical  regional  projects,  defined  so  as  to  capture  significant 
differences  between  major  and  independent  companies  and  between  stripper 
operations  and  other  projects.    The  study  evaluates  costs  of  waste 
disposal  only  for  the  two  principal  high-volume  waste  streams  of  concern, 
drilling  fluids  and  produced  waters,  employing  as  its  baseline  the  use  of 
unlined  reserve  pits  located  at  the  drill  site  and  the  disposal  of 
produced  waters  in  injection  wells  permitted  under  the  Federal 
Underground  Injection  Control  Program  and  located  off  site. 

The  study  then  developed  two  alternative  scenarios  that  varied  the 
incremental  costs  of  waste  management  control  technology,  applied  them  to 
each  prototype  project,  and  modeled  the  cost  impacts  of  each.  The 
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first  scenario  imposes  a  set  of  requirements  typical  of  full  Subtitle  C 
management  rules;  the  second  represents  a  less  stringent  and  extensive 
range  of  requirements  based,  in  essence,  on  uniform  nationwide  use  of  the 
most  up-to-date  and  effective  controls  now  being  applied  by  any  of  the 
States.    Model  results  indicate  cumulative  annual  costs,  at  the  project 
level,  of  each  of  the  more  stringent  control  scenarios. 

Study  Factor  10  -  Estimating  the  Economic  Impacts  on  Industry  of 
Alternative  Practices 

In  response  to  the  requirements  of  subparagraph  (G),  the  final  two 
sections  of  Chapter  VI  present  the  Agency's  analysis  of  the  potential 
economic  impacts  of  nationwide  imposition  of  the  two  control  scenarios 
analyzed  at  the  project  level. 

Both  the  cost  and  the  economic  impact  predicted  in  this  report  are 
admittedly  large.    Many  significant  variations  influence  the  economics  of 
this  industry  and  make  it  difficult  to  generalize  about  impacts  on  either 
the  project  or  the  national  level.    In  particular,  the  price  of  oil 
itself  greatly  affects  both  levels.    Fluctuations  in  the  price  of  oil 
over  the  period  during  which  this  study  was  prepared  have  had  a  profound 
influence  on  project  economics,  making  it  difficult  to  draw  conclusions 
about  the  current  or  future  impacts  of  modified  waste  management 
practices. 

Nevertheless,  the  Agency  believes  that  the  analysis  presented  here  is 
a  reasonable  response  to  Congress's  directives,  and  that  the  results, 
while  they  cannot  be  exact,  accurately  reflect  the  general  impacts  that 
might  be  expected  if  environmental  control  requirements  were  made  more 
stringent. 
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EXHIBIT  1; 

Section  8CD2(m)  Resource  Conservation  and  Recovery  Act  as  amended  by  PL  96-48? 


"(m)  Drilling  Fluids,  Produced  Waters,  and  Other  Wastes  Associated  with  the  Extraction, 
Development,  or  Production  of  Crude  Oil  or  Natural  Gas  or  Geothermal  Energy,-    [1)  The 
Administrator  shall  conduct  a  detailed  and  comprehensive  study  and  submit  a  report  on 
the  adverse  effects,  if  any,  of  drilling  fluids,  produced  waters,  and  other  wastes 
associated  with  the  exploration,  development,  or  production  of  crude  oil  or  natural  gas 
or  geothermal  energy  on  human  health  and  the  environment,  including,  but  not  limited  to 
the  effects  of  such  wastes  on  humans,  water,  air.  health,  welfare,  and  natural  resources 
and  on  the  adequacy  of  means  and  measures  currently  employed  by  the  oil  and  gas  and 
geothermal  drilling  and  production  industry,  Government  agencies,  and  others  to  dispose 
of  and  utilize  such  wastes  and  to  prevent  or  substantially  mitigate  such  adverse 
effects.    Such  study  shall  include  an  analysis  of- 

"(A)  the  sources  and  volume  of  discarded  material  generated  per  year  from  such 
wastes; 

*'(B)  present  disposal  practices: 

*tf.]  potential  danger  to  human  health  and  the  environment  from  the  surface  runoff  or 
leachate ; 

"(D)  documented  cases  which  prove  or  have  caused  danger  to  human  health  and  the 
environment  from  surface  runoff  or  leachate; 

"[£)  alternatives  to  current  disposal  methods: 

"(F)  the  cost  of  such  alternatives;  and 

'♦(G)  the  impact  of  those  alternatives  on  the  exploration  for,  and  development  and 
production  of,  crude  oil  and  natural  gas  or  geothermal  energy. 

In  furtherance  of  this  study,  the  Administrator  shall,  as  he  deems  appropriate,  review 
studies  and  other  actions  of  other,  Federal  agencies  concerning  such  wastes  with  a  view 
toward  avoiding  duplication  of  effort  and  the  need  to  expedite  such  study.  The 
Administrator  shall  publish  a  report  of  such  and  shall  include  appropriate  findings  and 
recommendations  for  Federal  and  non-Federal  actions  concerning  such  effects, 

"(2)  The  Administrator  shall  complete  the  research  and  study  and  submit  the  report 
required  under  paragraph  (1)  not  later  than  twenty- four  months  from  the  date  of 
enactment  of  the  Solid  Waste  Disposal  Act  Amendments  of  1980.    Upon  completion  of  the 
study,  theAdministrator  shall  prepare  a  summary  of  the  findings  of  the  study,  a  plan 
for  research, "development,  and  demonstration  respecting  the  findings  of  the  study,  and 
shall  submit  the  findings  and  the  study,  along  with  any  recommendations  resulting  from 
s~u^h  study,  to  the  Committee  on  Environment  and  Public  Works  of  the  United  States  Senate 
and  the  Committee  on  Interstate  and  Foreign  Commerce  of  the  United  states  House  of 
Representat  ives . 

"(3)  There  are  authorized  to  be  appropriations  not  to  exceed  $1,000,000  to  carry  out  the 
provisions  of  this  subsection. 
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CHAPTER  II 


OVERVIEW  OF  THE  INDUSTRY 


DESCRIPTION  OF  THE  OIL  AND  GAS  INDUSTRY 

The  oil  and  gas  industry  explores  for,  develops,  and  produces 
petroleum  resources.    In  1985  there  were  approximately  842,000  producing 
oil  and  gas  wells  in  this  country,  distributed  throughout  38  States. 
They  produced  8.4  million  barrels1  of  oil,  1.5  million  barrels  of 
natural  gas  liquids,  and  44  billion  cubic  feet  of  natural  gas  daily.  The 
American  Petroleum  Institute  estimates  domestic  resexvB&^al^8.4  billion 
barrels  of  oil,  7.9  billion  barrels  of  natural  gas  liquids,  and  193 
trillion  cubic  feet  of  gas.    Petroleum  exploration,  development,  and 
production  industries  employed  approximately  421,000  people  in 
1985. 2 

The  industry  is  as  varied  as  it  is  large.    Some  aspects  of 
exploration,  development,  and  production  can  change  markedly  from  region 
to  region  and  State  to  State.    Well  depths  range  from  as  little  as  30  to 
50  feet  in  some  areas  to  over  30,000  feet  in  areas  such  as  the  Anadarko 
Basin  of  Oklahoma.    Pennsylvania  has  been  producing  oil  for  120  years; 
Alaska  for  only, 15.    Maryland  has  approximately  14  producing  wells;  Texas 
has  259,000  and  completed  another  25,721  in  1985  alone.    Production  from 
a  single  well  can  vary  from  a  high  of  about  11,500  barrels  per  day  (the 
1985  average  for  wells  on  the  Alaska  North  Slope)  to  less  than  10  barrels 
per  day  for  many  thousands  of  "stripper"  wells  located  in  Appalachia  and 


1  Crude  oil  production  has  traditionally  been  expressed  in  barrels.  A  barrel  is  equivalent 
to  S.61  ft3,  0.158  m3,  or  42  U.S.  gallons. 

2  These  numbers,  provided  to  EPA  by  the  Bureau  of  Land  Management  (ELM),  are  generally 
accepted . 


the  more  developed  portions  of  the  rest  of  the  country.  Overall, 
70  percent  of  all  U.S.  oil  wells  are  strippers,  operating  on  the  margins 
of  profitability.    Together,  however,  these  strippers  contribute  14 
percent  of  total  U.S.  production  —  a  number  that  appears  small,  yet  is 
roughly  the  equivalent  of  the  immense  Prudhoe  Bay  field  in  Alaska. 

Such  statistics  make  it  clear  that  a  short  discussion  such  as  this 
cannot  provide  a  comprehensive  or  fully  accurate  -description  of  this 
industry.    The  purpose  of  this  chapter  is  simply  to  present  the 
terminology  used  in  the  rest  of  this  report4  and  to  provide  an 
overview  of  typical  exploration,  development,  and  production  methods. 
With  this  as  introduction,  the  chapter  then  defines  which  oil  and  gas 
wastes  EPA  considers  to  be  exempt  within  the  scope  of  RCRA  Section  8002; 
estimates  the  volumes  of  exempt  wastes  generated  by  onshore  oil  and  gas 
operations;  and  presents  the  results  of  sample  surveys  conducted  by  EPA 
and  the  American  Petroleum  Institute  to  characterize  the  content  of 
exempt  oil  and  gas  wastes. 

Exploration  and  Development 

Although  geological  and  geophysical  studies  provide  information 
concerning  potential  accumulations  of  petroleum,  the  only  method  that  can 
confirm  the  presence  of  petroleum  is  exploratory  drilling.    The  majority 
of  exploratory  wells  are  "dry"  and  must  be  plugged  and  abandoned.  When 
an  exploratory  well  does  discover  a  commercial  deposit,  however,  many 
development  wells  are  typically  needed  to  extract  oil  or  gas  from  that 
reservoir. 


3  The  definition  of  "stripper"  well  may  vary  from  State  to  State.    For  example,  North  Dakota 
defines  a  stripper  as  a  well  that  produces  10  barrels  per  day  or  less  at  6,000  feet  or  less;  11  to 
15  barrels  per  day  from  a  depth  of  6.001  feet  to  10.000  feet;  and  IB  to  20  barrels  per  day  for  wells 
that  are  10.000  feet  deep. 

4  A  glossary  of  terms  is  also  provided  in  Volume  3. 
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Exploratory  and  development  wells  are  mechanically  similar  and 
generate  similar  wastes  up  to  the  point  of  production.    In  order  to  bring 
a  field  into  production,  however,  development  wells  generate  wastes 
associated  with  well  completion  and  stimulation;  these  processes  are 
discussed  below.    From  1981  to  1985,  exploration  and  development  drilling 
combined  averaged  73,000  wells  per  year  (API  1986).    Drilling  activity 
declined  in  1986  and  by  mid-1987  rebounded  over  1986  levels. 

In  the  early  part  of  the  century,  cable-tool  drilling  was  the 
predominant  method  of  well  drilling.    The  up-and-down  motion  of  a 
chisel -like  bit,  suspended  by  a  cable,  causes  it  to  chip  away  the  rock, 
which  must  be  periodically  removed  with  a  bailer.    Although  an  efficient 
technique,  cable-tool  drilling  is  limited  to  use  in  shallow,  low-pressure 
reservoirs.    Today,  cable-tool  drilling  is  used  on  a  very  limited  basis 
in  the  United  States,  having  been  replaced  almost  entirely  by  rotary 
drill ing. 

Rotary  drilling  provides  a  safe  method  for  controlling  high-pressure 
oil/gas/water  flows  and  allows  for  the  simultaneous  drilling  of  the  well 
and  removal  of  cuttings,  making  it  possible  to  drill  wells  over  30,000 
feet  deep.    Figure  1 1 - 1  illustrates  the  process.    The  rotary  motion 
provided  by  mechanisms  on  the  drill  rig  floor  turns  a  drill  pipe  or  stem, 
thereby  causing  a  bit  on  the  end  of  the  pipe  to  gouge  and  chip  away  the 
rock  at  the  bottom  of  the  hole.    The  bit  itself  generally  has  three 
cone-shaped  wheels  tipped  with  hardened  teeth  and  is  weighted  into  place 
by  thick-walled  collars.    Well  casing  is  periodically  cemented  into  the 
hole,  providing  a  uniform  and  stable  conduit  for  the  drill  stem  as  it 
drills  deeper  into  the  hole.    The  casing  also  seals  off  freshwater 
aquifers,  high-pressure  zones,  and  other  troublesome  formations. 

Most  rotary  drilling  operations  employ  a  circulation  system  using  a 
water-  or  oil -based  fluid,  called  "mud"  because  of  its  appearance.  The 
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mud  is  pumped  down  the  hollow  drill  pipe  and  across  the  face  of  the  bit 
to  provide  lubrication  and  remove  cuttings.    The  mud  and  cuttings  are 
then  pumped  back  up  through  the  annular  space  between  the  drill  pipe  and 
the  walls  of  the  hole  or  casing.    Mud  is  generally  mixed  with  a  weighting 
agent  such  as  barite,  and  other  mud  additives,  thus  helping  it  serve 
several  other  important  functions:    (1)  stabilizing  the  wellbore  and 
preventing  cave-ins,  (2)  counterbalancing  any  high-pressure  oil,  gas,  or 
water  zones  in  the  formations  being  drilled,  and  (3)  providing  a  medium 
to  alleviate  problems  "downhole"  (such  as  stuck  pipe  or  lost  circulation). 

Cuttings  are  removed  at  the  surface  by  shale  shakers,  desanders,  and 
desilters;  they  are  then  deposited  in  the  reserve  pit  excavated  or 
constructed  next  to  the  rig.    The  reclaimed  drilling  mud  is  then 
recirculated  back  to  the  well.    The  type  and  extent  of  solids  control 
equipment  used  influences  how  well  the  cuttings  can  be  separated  from  the 
drilling  fluid,  and  hence  influences  the  volume  of  mud  discharged  versus 
how  much  is  recirculated.    Drilling  mud  must  be  disposed  of  when  excess 
mud  is  collected,  when  changing  downhole  conditions  require  a  whole  new 
mud  formulation,  or  when  the  well  is  abandoned.    The  reserve  pit  is 
generally  used  for  this  purpose.    (Reserve  pits  serve  multiple  waste 
management  functions.    See  discussion  in  Chapter  III.)    If  the  well  is  a 
dry  hole,  the  drilling  mud  may  be  disposed  of  downhole  upon  abandonment. 

The  formation  of  a  drilling  mud  for  a  particular  job  depends  on  types 
of  geologic  formations  encountered,,  economics,  availability,  problems 
encountered  downhole,  and  well  data  collection  practices.  Water-based 
drilling  muds  predominate  in  the  United  States.    Colloidal  materials, 
primarily  bentonitic  clay,  and  weighting  materials,  such  as  barite,  are 
common  constituents.    Numerous  chemical  additives  are  available  to  give 
the  mud  precise  properties  to  facilitate  the  drilling  of  the  well;  they 
include  acids  and  bases,  salts,  corrosion  inhibitors,  viscosifiers, 
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dispersants,  fluid  loss  reducers,  lost  circulation  materials, 
flocculants,  surfactants,  biocides,  and  lubricants.  (See  also  Table 
111-2.) 

Oil -based  drilling  fluids  account  for  approximately  3  to  10  percent 
of  the  total  volume  of  drilling  fluids  used  nationwide.    The  oil  base  may 
consist  of  crude  oil,  refined  oil  (usually  fuel  oil  or  diesel),  or 
mineral  oil.    Oil-based  drilling  fluid  provides  lubrication  in 
directionally  drilled  holes,  high-temperature  stability  in  very  deep 
holes,  and  protection  during  drilling  through  water-sensitive  formations. 

, 

In  areas  where  high-pressure  or  water-bearing  formations  are  not 
anticipated,  air  drilling  is  considerably  faster  and  less  expensive  than 
drilling  with  water-  or  oil-based  fluids.    (Air  drilling  cannot  be  used 
in  deep  wells.)    In  this  process,  compressed  air  takes  the  place  of  mud, 
cooling  the  bit  and  lifting  the  cuttings  back  to  the  surface.    Water  is 
injected  into  the  return  line  for  dust  suppression,  creating  a  slurry 
that  must  be  disposed  of.    In  the  United  States,  air  drilling  is  most 
commonly' used  in  the  Appalachian  Basin,  in  southeastern 
Kansas/northeastern  Oklahoma,  and  in  the  Four  Corners  area  of  the 
Southwest.    Other  low-density  drilling  fluids  are  used  in  special 
situations.    Gases  other  than  air,  usually  nitrogen,  are  sometimes 
useful.    These  may  be  dispersed  with  liquids  or  solids,  creating  wastes 
in  the  form  of  mist,  foam,  emulsion,  suspension,  or  gel. 

Potential  producing  zones  are  commonly  measured  and  analyzed  (logged) 
during  drilling,  a  process  that  typically  generates  no  waste.  If 
hydrocarbons  appear  to  be  present,  a  drill  stem  test  can  tell  much  about 
their  characteristics.    When  the  test  is  completed,  formation  fluids 
collected  in  the  drill  pipe  must  be  disposed  of. 

If  tests  show  that  commercial  quantities  of  oil  and  gas  are  present, 
the  well  must  be  prepared  for  production  or  "completed."    "Cased  hole" 
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completions  are  the  most  common  type.    First,  production  casing  is  run 
into  the  hole  and  cemented  permanently  in  place.    Then  one  or  more 
strings  of  production  tubing  are  set  in  the  hole,  productive  intervals 
are  isolated  with  packers,  and  surface  equipment  is  installed.  Actual 
completion  involves  the  use  of  a  gun  or  explosive  charge  that  perforates 
the  production  casing  and  begins  the  flow  of  petroleum  into  the  well. 

During  these  completion  operations,  drilling  fluid  in  the  well  may  be 
modified  or  replaced  by  specialized  fluids  to  control  flow  from  the 
formation.    A  typical  completion  fluid  consists  of  a  brine  solution 
modified  with  petroleum  products,  resins,  polymers,  and  other  chemical 
additives.    When  the  well  is  produced  initially,  the  completion  fluid  may 
be  reclaimed  or  treated  as  a  waste  product  that  must  be  disposed  of.  For 
long-term  corrosion  protection,  a  packer  fluid  is  placed  into  the 
casing/tubing  annul  us.    Solids-free  diesel  oil,  crude  oil,  produced 
water,  or  specially  treated  drilling  fluid  are  preferred  packer  fluids. 

Following  well  completion,  oil  or  gas  in  the  surrounding  formations 
frequently  is  not  under  sufficient  pressure  to  flow  freely  into  the  well 
and  be  removed.    The  formation  may  be  .impacted  with  indigenous  material, 
the  area  directly  surrounding  the  borehole  may  have  become  packed  with 
cuttings,  or  the  formation  may  have  inherent  low  permeability. 

Operators  use  a  variety  of  stimulation  techniques  to  correct  these 
conditions  and  increase  oil  flow.  -Acidizing  introduces  acid  into  the 
production  formation,  dissolving  formation  matrix  and  thereby  enlarging 
existing  channels  in  carbonate-bearing  rock.    Hydraulic  fracturing 
involves  pumping  specialized  fluids  carrying  sand,  glass  beads,  or 
similar  materials  into  the  production  formation  under  high  pressure;  this 
creates  fractures  in  the  rock  that  remain  propped  open  by  the  sand, 
beads,  or  similar  materials  when  pressure  is  released. 
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Other  specialized  fluids  may  be  pumped  down  a  production  well  to 
enhance  its  yield;  these  can  include  corrosion  inhibitors,  surfactants, 
friction  reducers,  complexing  agents,  and  cleanup  additives.  Although 
the  formation  may  retain  some  of  these  fluids,  most  are  returned  to  the 
surface  when  the  well  is  initially  produced  or  are  slowly  released  over 
time.    These  fluids  may  require  disposal,  independent  of  disposal 
associated  with  produced  water. 

Drilling  operations  have  the  potential  to  create  air  pollution  from 
several  sources.    The  actual  drilling  equipment  itself  is  typically  run 
by  large  diesel  engines  that  tend  to  emit  significant  quantities  of 
particulates,  sulfur  oxides,  and  oxides  of  nitrogen,  which  are  subject  to 
regulation  under  the  Clean  Air  Act.    The  particulates  emitted  may  contain 
heavy  metals  as  well  as  polycyclic  organic  matter  (POMs).  Particularly 
for  deep  wells,  which  require  the  most  power  to  drill,  and  in  large 
fields  where  several  drilling  operations  may  be  in  progress  at  the  same 
time,  cumulative  diesel  emissions  can  be  important.    Oil-fired  turbines 
are  also  used  as  a  source  of  power  on  newer  drilling  rigs.    Other  sources 
of  air  pollution  include  volatilization  of  light  organic  compounds  from 
reserve  pits  and  other  holding  pits  that  may  be  in  use  during  drilling; 
these  are  exempt  wastes.    These  light  organics  can  be  volatilized  from 
recovered  hydrocarbons  or  from  solvents  or  other  chemicals  used  in  the 
production  process  for  cleaning,  fracturing,  or  well  completion.  The 
volume  of  volatile  organic  compounds  is  insignificant  in  comparison  to 
diesel  engine  emissions. 

- 

Production 

Production  operations  generally  include  all  activities  associated 
with  the  recovery  of  petroleum  from  geologic  formations.    They  can  be 
divided  into  activities  associated  with  downhole  operations  and 
activities  associated  with  surface  operations.  Downhole  operations 
include  primary,  secondary,  and  tertiary  recovery  methods;  well 
workovers;  and  well  stimulation  activities.    Activities  associated  with 
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surface  operations  include  oil/gas/water  separation,  fluid  treatment,  and 
disposal  of  produced  water.    Each  of  these  terms  is  discussed  briefly 
below. 

Downhole  Operations 

Primary  recovery  refers  to  the  initial  production  of  oil  or  gas  from 
a  reservoir  using  natural  pressure  or  artificial  lift  methods,  such  as 
surface  or  subsurface  pumps  and  gas  lift,  to  bring  it  out  of  the 
formation  and  to  the  surface.    Most  reservoirs  are  capable  of  producing 
oil  and  gas  by  primary  recovery  methods  alone,  but  this  ability  declines 
over  the  life  of  the  well.    Eventually,  virtually  all  wells  must  employ 
some  form  of  secondary  recovery,. typically  involving  injection  of  gas  or 
liquid  into  the  reservoir  to  maintain  pressure  within  the  producing 
formation.    Waterflooding  is  the  most  frequently  employed  secondary 
recovery  method.    It  involves  injecting  treated  fresh  water,  seawater,  or 
produced  water  into  the  formation,  through  a  separate  well  or  wells. 

Tertiary  recovery  refers  to  the  recovery  of  the  last  portion  of  the 
oil  that  can  be  economically  produced.    Chemical,  physical,  and  thermal 
methods  are  available  and  may  be  used  in  combination.    Chemical  methods 
involve  injection  of  fluids  containing  substances  such  as  surfactants  and 
polymers.    Miscible  oil  recovery  involves  injection  of  gases,  such  as 
carbon  dioxide  and  natural  gas,  which  combine  with  the  oil.  Thermal 
recovery  methods  include  steam  injection  and  in  situ  combustion  (or  "fire 
flooding").    When  oil  eventually  reaches  a  production  well,  injected 
gases  or  fluids  from  secondary  and  tertiary  recovery  operations  may  be 
dissolved  or  carried  in  formation  oil  or  water,  or  simply  mixed  with 
them;  their  removal  is  discussed  below  in  conjunction  with  surface 
production  operations. 

Workovers,  another  aspect  of  downhole  production  operations,  are 
designed  to  restore  or  increase  production  from  wells  whose  flows  are 
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inhibited  by  downhole  mechanical  failures  or  blockages,  such  as  sand  or 
paraffin  deposits.    Fluids  circulated  into  the  well  for  this  purpose  must 
be  compatible  with  the  formation  and  must  not  adversely  affect 
permeability.    They  are  similar  to  completion  fluids,  described  earlier. 
When  the  well  is  put  back  into  production,  the  workover  fluid  may  be 
reclaimed  or  disposed  of. 

Other  chemicals  may  be  periodically  or  continuously  pumped  down  a 
production  well  to  inhibit  corrosion,  reduce  friction,  or  simply  keep  the 
well  flowing.    For  example,  methanol  may  be  pumped  down  a  gas  well  to 
keep  it  from  becoming  plugged  with  ice. 

Surface  Operations 

Surface  production  operations  generally  include  gathering  of  the 
produced  fluids  (oil,  gas,  gas  liquids,  and  water)  from  a  well  or  group 
of  wells  and  s-eparation  and  treatment  of  the  fluids.  See 
Figures  1 1  -  2 ,  1 1 -3 ,  and  11-4.    As  producing  reservoirs  are  depleted,  their 
water/oil  ratios  may  increase  steeply.    New  wells  may  produce  little  if 
any  water;  stripper  wells  may  vary  greatly  in  the  volume  of  water  they 
produce.    Some  may  produce  more  than  100  barrels  of  water  for  every  barrel 
of  oil,  particularly  if  the  wells  are  subject  to  waterflooding  operations. 

Virtually  all  of  this  water  must  be  removed  before  the  product  can  be 
transferred  to  a  pipeline.    (The  maximum  water  content  allowed  is 
generally  less  than  1  percent.)    The  oil  may  also  contain  completion  or 
workover  fluids,  stimulation  fluids,  or  other  chemicals  (biocides, 
fungicides)  used  as  an  adjunct  to  production.    Some  oil/water  mixtures 
may  be  easy  to  separate,  but  others  may  exist  as  fine  emulsions  that  do 
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not  separate  of  their  own  accord  by  gravity.    Where  settling  is  possible, 
it  is  done  in  large  or  small  tanks,  the  larger  tanks  affording  longer 
residence  time  to  increase  separation  efficiency.     Where  emulsions  are 
difficult  to  break,  heat  is  usually  applied  in  "heater  treaters." 
Whichever  method  is  used,  crude  oil  flows  from  the  final  separator  to 
stock  tanks.    The  sludges  and  liquids  that  settle  out  of  the  oil  as  tank 
bottoms  throughout  the  separation  process  must  be  collected  and  discarded 
along  with  the  separated  water. 

The  largest  volume  production  waste,  produced  water,  flows  from-the 
separators  into  storage  tanks  and  in  the  majority  of  oil  fields  is  highly 
saline.    Most  produced  water  is  injected  down  disposal  wells  or  enhanced 
recovery  wells.    Produced  water  is  also  discharged  to  tidal  areas  and 
surface  streams,  discharged  to  storage  pits,  or  used  for  beneficial  or 
agricultural  use.    (Seawater  is  35,000  ppm  chlorides.    Produced  water  can 
range  from  5,000  to  180,000  ppm  chlorides.)    If  the  produced  water  is 
injected  down  a  disposal  well  or  an  enhanced  recovery  well,  it  may  be 
treated  to  remove  solids,  which  are  also  disposed  of. 

Tank  bottoms  are  periodically  removed  from  production  vessels.  Tank 
bottoms  are  usually  hauled  away  from  the  production  site  for  disposal. 
Occasionally,  if  the  bottoms  are  fluid  enough,  they  may  be  disposed  of 
along  with  produced  water. 

Waste  crude  oil  may  also  be  generated  at  a  production  site.    If  crude 
oil  becomes  contaminated  with  chemicals  or  is  skimmed  from  surface 
impoundments,  it  is  usually  reclaimed.    Soil  and  gravel  contaminated  by 
crude  oil  as  a  result  of  normal  field  operations  and  occasional  leaks  and 
spills  require  disposal. 

Natural  gas  requires  different  techniques  to  separate  out  crude  oil, 
gas  liquids,  entrained  solids,  and  other  impurities.    These  separation 
processes  can  occur  in  the  field,  in  a  gas  processing  plant,  or  both,  but 


11-14 


more  frequently  occur  at  an  offsite  processing  plant.    Crude  oil,  gas 
liquids,  some  free  water,  and  entrained  solids  can  be  removed  in 
conventional  separation  vessels.    More  water  may  be  removed  by  any  of 
several  dehydration  processes,  frequently  through  the  use  of  glycol,  a 
liquid  dessicant,  or  various  solid  dessicants.    Although  these  separation 
media  can  generally  be  regenerated  and  used  again,  they  eventually  lose 
their  effectiveness  and  must  be  disposed  of. 

Both  crude  oil  and  natural  gas  may  contain  the  highly  toxic  gas 
hydrogen  sulfide,  which  is  an  exempt  waste.    (Eight  hundred  ppm  in  air  is 
lethal  to  humans  and  represents  an  occupational  hazard,  but  not  an 
ambient  air  toxics  threat  to  human  health  offsite.)    At  plants  where 
hydrogen  sulfide  is  removed  from  natural  gas,  sulfur  dioxide  (S02) 
release  results.    (EPA  requires  compliance  with  the  National  Ambient  Air 
Quality  Standards  (NAAQS)  for  sulfur  dioxide;  D01  also  has  authority  to 
regulate  these  emissions.)    Sulfur  is  often  recovered  from  the  hydrogen 
sulfide  (H2S)  as  a  commercial  byproduct.    H2S  dissolved  in  crude  oil 
does  not  pose  any  danger,  but  when  it  is  produced  at  the  wellhead  in 
gaseous  form,  it  poses  serious  occupational  risks  through  possible  leaks 
or  blowouts.    These  risks  are  also  present  later  in  the  production 
process  when  the  H2S  is  separated  out  in  various  "sweetening" 
processes.    The  amine,  iron  sponge,  and  selexol  processes  are  three 
examples  of  commercial  processes  for  removing  acid  gases  from  natural 
gas.    Each  H2S  removal  process  results  in  spent  or  waste  separation 
media,  which  must  be  disposed  of.    EPA  did  not  sample  hydrogen  sulfide 
and  sulphur  dioxide  emissions  because  of  their  relatively  low  volume  and 
infrequency  of  occurrence. 

Gaseous  wastes  are  generated  from  a  variety  of  other 
production-related  operations.    Volatile  organic  compounds  may  also  be 
released  from  minute  leaks  in  production  equipment  or  from  pressure  vents, 
on  separators  and  storage  tanks.    When  a  gas  well  needs  to  be  cleaned 
out,  it  may  be  produced  wide  open  and  vented  directly  to  the  atmosphere. 
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Emissions  from  volatile  organic  compounds  are  exempt  under  Section 
3001(b)(2)(A)  of  RCRA  and  represent  a  very  low  portion  of  national  air 
emissions.    Enhanced  oil  recovery  steam  generators  may  burn  crude  oil  as 
fuel,  thereby  creating  air  emissions.    These  wastes  are  nonexempt. 

DEFINITION  OF  EXEMPT  WASTES 

The  following  discussion  presents  EPA's  tentative  definition  of  the 
scope  of  the  exemption. 

Scope  of  the  Exemption 

The  current  statutory  exemption  originated  in  EPA's  proposed 
hazardous  waste  regulations  of  December  18,  1978  (43  FR  58946).  Proposed 
40  CFR  250.46  contained  standards  for  "special  wastes"--reduced 
requirements  for  several  types  of  wastes  that  are  produced  in  large 
volume  and  that  EPA  believed  may  be  lower  in  toxicity  than  other  wastes 
regulated  as  hazardous  wastes  under  RCRA.    One  of  these  categories  of 
special  wastes  was  "gas  and  oil  drilling  muds  and  oil  production  brines." 

In  the  RCRA  amendments  of  1980,  Congress  exempted  most  of  these 
special  wastes  from  the  hazardous  waste  requirements  of  RCRA  Subtitle  C, 
pending  further  study  by  EPA.    The  oil  and  gas  exemption,  Section 
3001(b)(2)(A),  is  directed  at  "drilling  fluids,  produced  waters,  and 
other  wastes  associated  with  the  exploration,  development,  or  production 
of  crude  oil  or  natural  gas."    The  legislative  history  does  not  elaborate 
on  the  definition  of  drilling  fluids  or  produced  waters,  but  it  does 
discuss  "other  wastes"  as  follows: 

The  term  "other  wastes  associated"  is  specifically  included  to 
designate  waste  materials  intrinsically  derived  from  the  primary 
field  operations  associated  with  the  exploration,  development,  or 
production  of  crude  oil  and  natural  gas.    It  would  cover  such 
substances  as:    hydrocarbon  bearing  soil  in  and  around  related 
facilities;  drill  cuttings;  and  materials  (such  as  hydrocarbons, 
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water,  sand  and  emulsion)  produced  from  a  well  in  conjunction  with 
crude  oil  and  natural  gas  and  the  accumulated  material  (such  as 
'hydrocarbons,  water,  sand,  and  emulsion)  from  production  separators, 
fluid  treating  vessels,  storage  vessels,  and  production 
impoundments.    (H.R.  Rep  No.  1444,  96th  Cong.,  2d  Sess.  at  32  (1980)). 

The  phrase  "intrinsically  derived  from  the  primary  field 
operations..."  is  intended  to  differentiate  exploration,  development, 
and  production  operations  from  transportation  (from  the  point  of 
custody  transfer  or  of  production  separation  and  dehydration)  and 
manufacturing  operations. 

In  order  to  arrive  at  a  clear  working  definition  of  the  scope  of  the 
exemption  under  Section  8002(m),  EPA  has  used  these  statements  in 
conjunction  with  the  statutory  language  of  RCRA  as  a  basis  for  making  the 
following  assumptions  about  which  oil  and  gas  wastes  should  be  included 
in  the  present  study. 

•   Although  the  legislative  history  underlying. the  oil  and  gas 
exemption  is  limited  to  "other  wastes  associated  with  the 
exploration  development  or  production  of  crude  oil  or  natural 
gas,"  the  Agency  believes  that  the  rationale  set  forth  in  that 
history  is  equally  applicable  to  produced  waters  and  drilling 
fluids     Therefore,  in  developing  criteria  to  define  the  scope  of 
the  Section  3001(b)(2)  exemption,  the  Agency  has  applied  this 
legislative  history  to  produced  waters  and  drilling  fluids. 

o    The  potential  exists  for  small  volume  nonexempt  wastes  to  be 
mixed  with  exempt  wastes,  such  as  reserve  pit  contents.  EPA 
believes  it  is  desirable  to  avoid  improper  disposal  of  hazardous 
(nonexempt)  wastes  through  dilution  with  nonhazardous  exempt 
wastes.    For  example,  unused  pipe  dope  should  not  be  disposed  ot 
in  reserve  pits.    Some  resid.ual  pipe  dope,  however,  will  enter  the 
reserve  pit  as  part  of  normal  field  operations;- this  residual  pipe 
dope  does  not  concern  EPA.    EPA  is  undecided  as  to  the  proper 
disposal  method  for  some  other  waste  streams,  such  as  rigwasn  that 
often  are  disposed  of  in  reserve  pits. 

Using  these  assumptions,  the  test  of  whether  a  particular  waste 
qualifies  under  the  exemption  can  be  made  in  relation  to  the  following 
three  separate  criteria.    No  one  criterion  can  be  used  as  a  standard  when 
defining  specific  waste  streams  that  are  exempt.    These  criteria  are  as 
fol lows. 
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1.  Exempt  wastes  must  be  associated  with  measures  (1)  to  locate  oil 
or  gas  deposits,  (2)  to  remove  oil  or  natural  gas  from  the  ground, 
or  (3)  to  remove  impurities  from  such  substances,  provided  that 
the  purification  process  is  an  integral  part  of  primary  field 
operations.5 

2.  Only  waste  streams  intrinsic  to  the  exploration  for,  or  the 
development  and  production  of,  crude  oil  and  natural  gas  are 
subject  to  exemption.    Waste  streams  generated  at  oil  and  gas 
facilities  that  are  not  uniquely  associated  with  the  exploration, 
development,  or  production  activities  are  not  exempt.  (Examples 
would  include  spent  solvents  from  equipment  cleanup  or  air 
emissions  from  diesel  engines  used  to  operate  drilling  rigs.) 

Clearly  those  substances  that  are  extracted  from  the  ground  or 
injected  into  the  ground  to  facilitate  the  drilling,  operation,  or 
maintenance  of  a  well  or  to  enhance  the  recovery  of  oil  and  gas 
are  considered  to  be  uniquely  associated  with  primary  field 
operations.    Additionally,  the  injection  of  materials  into  the 
pipeline  at  the  wellhead  which  keep  the  lines  from  freezing  or 
which  serve  as  solvents  to  prevent  paraffin  accumulation  is 
intrinsically  associated  with  primary  field  operations.  With 
regard  to  injection  for  enhanced  recovery,  the  injected  materials 
must  function  primarily  to  enhance  recovery  of  oil  and  gas  and 
must  be  recognized  by  the  Agency  as  being  appropriate  for  enhanced 
recovery.    An  example  would  be  produced  water .    In  this  context, 
"primarily  functions"  means  that  the' main  reason  for  injecting  the 
materials  is  to  enhance  recovery  of  oil  and  gas  rather  than  to 
serve  as  a  means  for  disposing  of  those  materials. 

3.  Drilling  fluids,  produced  waters,  and  other  wastes  intrinsically 
derived  from  primary  field  operations  associated  with  the 
exploration,  development,  or  production  of  crude  oil,  natural  gas, 
or  geothermal  energy  are  subject  to  exemption.    Primary  field 
operations  encompass  production-related  activities  but  not 
transportation  or  manufacturing  activities.    With  respect  to  oil 
production,  primary  field  operations  encompass  those  activities 
occurring  at  or  near  the  wellhead,  but  prior  to  the  transport  of 
oil  from  an  individual  field  facility  or  a  centrally  located 
facility  to  a  carrier  (i.e.,  pipeline  or  trucking  concern)  for 
transport  to  a  refinery  or  to  a  refiner.    With  respect  to  natural 
gas  production,  primary  field  operations  are  those  activities 
occurring  at  or  near  the  wellhead  or  at  the  gas  plant  but  prior  to 
that  point  at  which  the  gas  is  transferred  from  an  individual 
field  facility,  a  centrally  located  facility,  or  a  gas  plant  to  a 
carrier  for  transport  to  market. 


5   Thus,  wastes  associated  with  such  processes  as  oil  refining,  petrochemical-related 
manufacturing,  or  electricity  generation  are  not  exempt  because  those  processes  do  not  occur  at  the 
primary  field  operations. 


11-18 


Primary  field  operations  may  encompass  the  primary,  secondary,  and 
tertiary  production  of  oil  or  gas.    Wastes  generated  by  the 
transportation  process  itself  are  not  exempt  because  they  are  not 
intrinsically  associated  with  primary  field  operations.  An 
example  would  be  pigging  waste  from  pipeline  pumping  stations. 

Transportation  for  the  oil  and  gas  industry  may  be  for  short  or 
long  distances.    Wastes  associated  with  manufacturing  are  not 
exempt  because  they  are  not  associated  with  exploration, 
development,  or  production  and  hence  are  not  intrinsically 
associated  with  primary  field  operations.    Manufacturing  (for  the 
oil  and  gas  industry)  is  defined  as  any  activity  occurring  within 
a  refinery  or  other  manufacturing  facility  the  purpose  of  which  is 
to  render  the  product  commercially  saleable. 

Using  these  definitions,  Table  II-l  presents  definitions  of  exempted 
wastes  as  defined  by  EPA  for  the  purposes  of  this  study.  Note  that  this 
is  a  partial  list  only.  Although  it  includes  all  the  major  streams  that 
EPA  has  considered  in  the  preparation  of  this  report,  others  may  exist. 
In  that  case,  the  definitions  listed  above  would  be  applied  to  determine 
their  status  under  RCRA. 

Waste  Volume  Estimation  Methodology 

Information  concerning  volumes  of  wastes  from  oil  and  gas 
exploration,  development,  and  production  operations  is  not  routinely 
collected  nationwide,  making  it  necessary  to  develop  methods  for 
estimating  these  volumes  by  indirect  methods  in  order  to  comply  with  the 
Section  8002(m)  requirement  to  present  such  estimates  to  Congress.  For 
this  study,  estimates  were  compiled  independently  by  EPA  and  by  the 
American  Petroleum  Institute  (API)  using  different  methods.    Both  are 
discussed  below. 

Estimating  Volumes  of  Drilling  Fluids  and  Cuttings 

EPA  considered  several  different  methodologies  for  determining  volume 
estimates  for  produced  water  and  drilling  fluid. 
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Table  I ] -i    Partial  List  of  Exempt  and  Nonexempt  Wastes 


Dr  1 11  cutt ings 

Dn  1 1  ing  fluids 

Well  completion,  treatment, 
and  stimulation  flatus 

Packing  fluids 

Sand,  hydrocarbon  solids* 
and  other  deposits  removed 
from  production  wells 

Pipe  scale,  hydrccarDon 
solids,  hydrates,  and  other 
cepos its  removed  from 
piping  and  equipment 

Hydrocarbon-bearing  soil 

Pigging  wastes  from 
gat hering  1 ines 

Wastes  from  subsurface 
gas  storage  and  retrieval 


Waste  lubricants,  hydraulic 
f  lu ids ,  motor  01 1 .  and 
pa  mt 

Waste  solvents  from  clean- 
up operax ions 

Of r -spec i f  icat ion  and 
unused  materials  intended 
for  disposal 

Incinerator  ash 

Pigging  hastes  from 
transportation  pipelines 
Table  1 1-1 


EXEMPT  WASTES 

Basic  sediment  and  *ater 
and  other  tank  bottoms 
from  storage  facilities 
and  separators 

Produced  water 

Constituents  removed  from 
produced  water  before  it 
is  injected  or  otherwise 
disposed  of 

Accumulated  materials  (such 
as  hydrocarbons,  solids, 
sandr  and  emulsion)  from 
production  separators, 
fluid-treating  vessels, 
and  production  impoundments 
that  are  not  mixed  with 
separation  or  treatment 
media 

Drilling  muds  from  offshore 
ope rat  ions 


NONEXEMPT  WASTES 

Sanitary  wastes,  trash,  and 
gray  water 

Gases,  such  as  SOx,  NOx, 
and  particulates  from  gas 
turbines  or  other  machinery 

Drums  (filled,  partially 
filled,  or  cleaned)  whose 
contents  are  not  intended 
for  use 


Appropriate  fluids  injected 
downhole  for  secondary  and 
tertiary  recovery  operations 

Liquid  hydrocarbons  removed 
from  the  production  stream 
but  not  from  oil  refining 

Gases  removed  from  tne 
production  stream,  such  as 
hydrogen  sulfide,  carbon 
dioxide,  and  volatilized 
hydrocarbons 

Materials  ejected  from  a 
production  well  during  the  proc 
known  as  blowing  down  a  well 

Waste  crude  oi 1  from 
primary  field  operations 

Light  organ ics  volatilized 
from  recovered  hydrocarbons 
or  from  solvents  or  other 
chemicals  used  for  cleaning, 
fracturing,  or  well  completion 


Waste  iron  sponge,  glycol,  and 
other  separation  med^a 

Fi Iters 

Spent  catalysts 

Wastes  from  tru*k-  and  drum- 
cleaning  operations 

Waste  solvents  from  equipment 
ma  intenance 

Spills  from  pipelines  or 
other  transport  methods 
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FPA's  estimates:    For  several  regions  of  the  country,  estimates  of 
volumes  of  drilling  fluids  and  cuttings  generated  from  well  drilling 
operations  are  available  on  the  basis  of  waste  volume  per  foot  of  well 
drilled.    Estimates  range  from  0.2  barrel/foot  (provided  by  the  West 
Virginia  Dept.  of  Natural  Resources)  to  2.0  barrels/foot  (provided  by 
NL  Baroid  Co.  for  Cotton  Valley  formation  wells  in  Panola  County, 
Texas).    EPA  therefore  considered  the  possibility  of  using  this  approach 
nationwide.    If  it  were  possible  to  generate  such  estimates  for  all  areas 
of  the  country,  including  allowances  for  associated  wastes  such  as 
completion  fluids  and  waste  cement,  nationwide  figures  would  then  be 
comparatively  easy  to  generate.    They  could  be  based  on  the  total  footage 
of  all  wells  drilled  in  the  U.S.,  a  statistic  that  is  readily  available 
from  API. 

This  method  proved  infeasible,  however,  because  of  a  number  of 
complex  factors  contributing  to  the  calculation  of  waste-per-foot 
estimates  that  would  be  both  comprehensive  and  valid  for  all  areas  of  the 
country.    For  instance,  the  use  of  solids  control  equipment  at  drilling 
sites,  which  directly  affects  waste  generation,  is  not  standardized.  In 
addition,  EPA  would  have  to  differentiate  among  operations  using  various 
drilling  fluids  (oil-based,  water-based,  and  gas-based  fluids).  These 
and  other  considerations  caused  the  Agency  to  reject  this  method  of 
estimating  volumes  of  drilling-related  wastes. 

Another  methodology  would  be  to  develop  a  formal  model  for  estimating 
waste  volumes  based  on  all  the  factors  influencing  the  volume  of  drilling 
waste  produced.    These  factors  would  include  total  depth  drilled, 
geologic  formations  encountered,  drilling  fluid  used,  solids  control 
equipment  used,  drilling  problems  encountered,  and  so  forth.    Such  a 
model  could  then  be  applied  to  a  representative  sample  of  wells  drilled 
nationwide,  yielding  estimates  that  could  then  be  extrapolated  to  produce 
nationwide  volumes  estimates. 
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This  method,  too,  was  rejected  as  infeasible.    It  would  have  required 
access  to  data  derived  from  the  driller's  logs  and  mud  logs  maintained  at 
individual  well  sites,  which  would  have  been  very  difficult  to  acquire. 
Beyond  this,  other  data  and  analytical  needs  for  building  such  a  model 
proved  to  be  beyond  the  resources  available  for  the  project. 

With  these  methodologies  unavailable,  EPA  developed  its  estimates  by 
equating  the  wastes  generated  from  a  drilling  operation  with  the  volume 
of  the  reserve  pit  constructed  to  service  the  well.    Typically,  each  well 
is  served  by  a  single  reserve  pit,  which  is  used  primarily  for  either 
temporary  or  permanent  disposal  of  drilling  wastes.    Based  on  field 
observations,  EPA  made  the  explicit  assumption  that  reserve  pits  are 
sized  to  accept  the  wastes  anticipated  from  the  drilling  operation.  The 
Agency  then  collected  information  on  pit  sizes  during  the  field  sampling 
program  in  1986  (discussed  later  in  this  chapter),  from  literature 
searches,  and  by  extensive  contact  with  State  and  Federal  regulatory 
personnel . 

EPA  developed  three  generic  pit  sizes  (1,984-,  22,700-,  and 
87,240-barrel  capacity)  to  represent  the  range  of  existing  pits  and 
assigned  each  State  a  percent  distribution  for  each  pit  size  based  on 
field  observation  and  discussion  with  selected  State  and  industry 
personnel.    For  example,  from  the  data  collected,  Utah's  drilling  sites 
were  characterized  as  having  35  percent  small  pits,  50  percent  medium 
pits,  and  15  percent  large  pits.    Using  these  State-specific  percent 
distributions,  EPA  was  then  able  to  readily  calculate  an  estimate  of 
annual  drilling  waste  volumes  per  year  for  each  State.    Because  Alaska's 
operations  are  generally  larger  than  operations  in  the  other  oil-  and 
gas-producing  States,  Alaska's  generic  pit  sizes  were  different  (55,093- 
and  400,244-barrel  capacity.) 
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Although  the  EPA  method  is  relatively  simple,  relying  on  a  well  site 
feature  that  is  easily  observable  (namely,  the  reserve  pit),- the  method 
does  have  several  disadvantages.    It  does  not  explicitly  account  for 
waste  volume  increases  and  decreases  due  to  evaporation,  percolation,  and 
rainwater  collection.    The  three  generic  pit  sizes  may  not  adequately 
represent  the  wide  range  of  pit  sizes  used  for  drilling,  and  they  all 
assume  that  the  total  volume  of  each  reserve  pit,  minus  a  nominal  2  feet 
of  freeboard,  will  be  used  for  wastes.    Finally,  the  information 
collected  to  determine  the  percent  distributions  of  pit  sizes  within 
States  may  not  adequately  characterize  the  industry,  and  adjusting  the 
distribution  would  require  gathering  new  information  or  taking  a  new 
survey.    All  of  these  uncertainties  detract  from  the  accuracy  of  a  risk 
assessment  or  an  economic  impact  analysis  used  to  evaluate  alternative 
waste  management  techniques. 

The  American  Petroleum  Institute's  gstimates:    As  the  largest 
national  oil  trade  organization,  the  API  routinely  gathers  and  analyzes 
many  types  of  information  on  the  oil  and  gas  industry.    In  addition,  in 
conducting  its  independent  estimates  of  drilling  waste  volumes,  API  was 
able  to  conduct  a  direct  survey  of  operators  in  1985  to  request  waste 
volume  data--a  method  that  was  unavailable  to  EPA  because  of  time  and 
funding  limitations.    API  sent  a  questionnaire  to  a  sample  of  operators 
nationwide,  asking  for  estimated  volume  data  for  drilling  muds  and 
completion  fluids,  drill  cuttings,  and  other  associated  wastes  discharged 
to  the  reserve  pit.    Completed  questionnaires  were  received  for  693 
individual  wells  describing  drilling  muds,  completion  fluids,  and  drill 
cuttings;  275  questionnaires  also  contained  useful  information  concerning 
associated  wastes.    API  segregated  the  sampled  wells  so  that  it  could 
characterize  drilling  wastes  within  each  of  11  sampling  zones  used  in 
this  study  and  within  each  of  4  depth  classes.    Since  API  maintains  a 
data  base  on  basic  information  on  all  wells  drilled  in  the  U.S., 
including  location  and  depth,  it  was  able  to  estimate  a  volume  of  wastes 
for  the  more  than  65,000  wells  drilled  in  1985.    The  API  survey  does  have 
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several  significant  limitations.    Statistical  representativeness  of  the 
survey  is  being  analyzed  by  EPA.    Respondents  to  the  survey  were 
primarily  large  oil  companies.    The  survey  was  accompanied  by  a  letter 
that  may  have  influenced  the  responses.    Also,  EPA  experience  with 
operators  indicates  that  they  may  underestimate  reserve  pit  volumes. 

Even  though  volumetric  measurement  and  statistical  analysis  represent 
the  preferred  method  for  estimating  dril-ling  waste  volumes,  the  way  in 
which  API's  survey  was  conducted  and  the  data  were  analyzed  may  have  some 
drawbacks.    Operators  were  asked  to  estimate  large  volumes  of  wastes, 
which  are  added  slowly,  to  the  reserve  pit  and  are  not  measured.  Because 
the  sample  size  is  small  in  comparison  to  the  population,  it  is 
questionable  whether  the  sample  is  an  unbiased  representation  of  the 
drilling  industry. 

Estimating  Volumes  of  Produced  Water 

By  far  the  largest  volume  production  waste  from  oil  and  gas 
operations  is  produced  water.    Of  all  the  wastes  generated  from  oil  and 
gas  operations,  produced  water  figures  are  reported  with  the  most 
frequency  because  of  the  reporting  requirements  under  the  Underground 
Injection  Control  (UIC)  and  National  Pollution  Discharge  Elimination 
System  (NPDES)  programs. 

EPA's  estimates:    Because  produced  water  figures  are  more  readily 
available  than  drilling  waste  data,  EPA  conducted  a  survey  of  the  State 
agencies  of  33  oil-  and  gas-producing  States,  requesting  produced  water 
data  from  injection  reports,  production  reports,  and  hauling  reports. 
For  those  States  for  which  this  information  was  not  available,  EPA 
derived  estimates  calculated  from  the  oil/water  ratio  from  surrounding 
States  (this  method  used  for  four  States)  or  derived  estimates  based  on 
information  provided  by  State  representatives  (this  method  used  for  six 
States) . 
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Aprs  estimates:    In  addition  to  its  survey  of  drilling  wastes,  API 
conducted  a  supplemental  survey  to  determine  total  volumes  of  produced 
water  on  a  State-by-State  basis.    API  sent  a  produced  water  survey  form 
to  individual  companies  requesting  1985  crude  oil  and  condensate  volumes 
and  produced  water  volumes  and  distribution.    Fourteen  operators  in  23 
States  responded.    Because  most  of  the  operators  were  active  in  more  than 
one  State,  API  was  able  to  include  a  total  of  170  different  survey 
points.    API  then  used  these  data  to  generate  water-to-oil  ratios  (number 
of  barrels  of  water  produced  with  each  barrel  of  oil)  for  each  operator 
in  each  State.    By  extrapolation,  the  results  of  the  survey  yield  an 
estimate  of  the  total  volume  of  produced  water  on  a  statewide  basis;  the 
statewide  estimated  produced  water  volume  total  is  simply  the  product  of 
the  estimated  State  ratio  {taken  from  this  survey)  and  the  known  total 
oil  production  for  the  State.    API  reports  this  survey  method  to  have  a 
95  percent  confidence  level  for  produced  water  volumes.  No  standard 
deviation  was  reported  with  this  confidence  level. 

For  most  States,  the  figure  generated  by  this  method  agrees  closely 
with  the  figure  arrived  at  by  EPA  in  its  survey  of  State  agencies  in  33 
oil-producing  States.    For  a  few  States,  however,  the  EPA  and  API  numbers 
are  significantly  different;  Wyoming  is  an  example.    Since  most  of  the 
respondents  to  the  API  survey  were  major  companies,  their  production 
operations  may  not  be  truly  representative  of  the  industry  as  a  whole. 
Also,  the  API  method  did  not  cover  all  of  the  States  covered  by  EPA. 

Neither  method  can  be  considered  completely  accurate,  so  judgment  is 
needed  to  determine  the  best  method  to  apply  for  each  State.    Because  the 
Wyoming  State  agency  responsible  for  oil  and  gas  operations  believes  that 
the  API  number  is  greatly  in  error,  the  State  number  is  used  in  this 
report.    Also,  since  the  API  survey  did  not  cover  many  of  the  States  in 
the  Appalachian  Basin,  the  EPA  numbers  for  all  of  the  Appalachian  Basin 
States  are  used  here.    In  all  other  cases,  however,  the  API-produced 
water  volume  numbers,  which  were  derived  in  part  from  a  field  survey,  are 
believed  to  be  more  accurate  than  EPA  numbers  and  are  therefore  used  in 
this  report. 
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Waste  Volume  Estimates 


Drilling  waste  volumes  for  1985 ,  calculated  by  both  the  EPA  and  API 
methods,  appear  in  Table  1 1 -2 .    Although  the  number  of  wells  drilled  for 
each  State  differs  between  the  two  methods,  both  methods  fundamentally 
relied  upon  API  data.    The  EPA  method  estimates  that  2.44  billion  barrels 
of  waste  were  generated  from  the  drilling  of  64,508  wells,  for  an  average 
of  37,902  barrels  of  waste  per  well.    The  API  method  estimates  that  361 
million  barrels  of  waste  were  generated  from  the  drilling  of  69,734 
wells,  for  an  average  of  5,183  barrels  of  waste  per  well.    EPA  has 
reviewed  API's  survey  methodology  and  believes  the  API  method  is  more 
reliable  in  predicting  actual  volumes  generated.    For  the  purposes  of 
this  report,  EPA  will  use  the  API  estimates  for  drilling  waste  volumes. 

Produced  water  volumes  for  1985,  calculated  by  both  the  EPA  and  API 
methods,  appear  in  Table  1 1 -3 .    The  EPA  method  estimates  11.7  billion 
barrels  of  produced  water.    The  API  method  estimates  20.9  billion  barrels 
of  produced  water. 

CHARACTERIZATION  OF  WASTES 

In  support  of  this  study,  EPA  collected  samples  from  oil  and  gas 
exploration,  development,  and  production  sites  throughout  the  country  and 
analyzed  them  to  determine  their  chemical  composition.    The  Agency 
designed  the  sampling  plan  to  ensure  that  it  would  cover  the  country's 
wide  range  of  geographic  and  geologic  conditions  and  that  it  would 
randomly  select  individual  sites  for  study  within  each  area 
(USEPA  1987).    One  hundred  one  samples  were  collected  from  49  sites  in  26 
different  locations.    Operations  sampled  included  centralized  treatment 
facilities,  central  disposal  facilities,  drilling  operations,  and 
production  facilities.    For  a  more  detailed  discussion  of  all  aspects  of 
EPA's  sampling  program,  see  USEPA  1987. 
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Table  11-2    Estimated  U.S.  Drilling  Waste  Volumes,  1985 


EPA  method  API  method 

Number  of-  Volume3  Number  of  Volume" 

State  wells  drilled         1,000  bbl  wells  drilled        1,000  bbl 


Al abama 

343 

15,179 

Alaska 

206 

4,118 

Arizona 

3 

56 

Arkansas 

975 

43,147 

Cal ifornia 

3,038 

82,276 

Colorado 

1,459 

27,249 

Florida 

21 

929 

Georgia 

NCC 

NC 
NC 

Idaho 

NC 

111 inois 

2,107 

57,063 

Indi  ana 

910 

24,645 

Iowa 

NC 

NC 

Kansas 

5,151 

96,818 

Kentucky 

2,141 

8,683 

Louisiana 

4,645 

205,954 

Maryland 

85 

345 

Michigan 

823 

22,289 

Mississippi 

568 

25,136 

Missouri 

22 

596 

Montana 

591 

36,302 

Nebraska 

261 

4,906 

Nevada 

34 

1,070 

New  Mexico 

1,694 

31,638 

New  York 

395 

1,602 

North  Dakota 

485 

■9,116 

Ohio 

3,413 

13,842 

Oklahoma 

6,978 

383,581 

Oregon 

5 

135 

Pennsylvania 

2,466 

10,001 

367 

5,994 

242 

1,816 

3 

23 

1,034 

8,470 

3,208 

4,529 

1,578 

8,226 

21 

1,068 

1 

2 

3 

94 

2,291 

2,690 

961 

1,105 

1 

1 

5,560 

17,425 

2,482 

4,874 

4,908 

46,726 

91 

201 

870 

3,866 

594 

14,653 

23 

18 

623 

4,569 

282 

761 

36 

335 

1,780 

13,908 

436 

1,277 

514 

4,804 

3,818 

8,139 

7,690 

42,547 

5 

5 

2,836 

8,130 
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Table  1 1 -2  (continued) 


 ■  :       epa  method  API  method 

Number  of  Volume*  Number  of  Volume 

state  wells  drilled         1,000  bbl  wells  drilled        1,000  bbl 


South  Dakota 
Tennessee 
Texas 
Utah 

Virginia 
Washington 
West  Virginia 
Wyoming 

44 
169 
22,538 
332 
85 
NCC 
1,188. 
l,409d 

827 
685 

1,238,914 
6,201 
345 
NCC 
4,818, 
86,546d 

49 
228 
23,915 
364 
91 
4 

1,419 
1,497 

289 
795 
133,014 
4,412 
201 
15 
3,097 
13,528 

U.S.. Total 

64,499 

2,444,667 

69,734 

361,406 

a     Based  on  total  available  reserve  pit  volume,  assuming  2  ft  of  freeboard  (ref.) 
b  Based  on  total  volume  of  drilling  muds,  drill  cuttings,  completion  fluids, 
circulated  cement,  formation  testing  fluids,  and  other  water  and  solids. 

d  EPA°notesCthatefor  Wyoming,  the  State's  numbers  are  1,332  and  11,988,000, 
respectively. 
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Table  1 1 -3    Estimated  U.S.  Produced  Water  Volumes,  198S 

EPA  volumes  API  volumes 

State  1,000  bbl  Source  1,000  bbl  Source 


Al abama 

Alaska 

Arizona 

Arkansas 

Cal ifornia 

Colorado 

Florida 

111 inois 

Indiana 

Kansas 

Kentucky 

Louisiana 

Maryland 

Michigan 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Mexico 

New  York 

North  Dakota 

Ohio 

Okl  ahoma 
Oregon 

Pennsylvania 
South  Dakota 
Tennessee 
Texas 
Utah 

Virginia 
West  Virginia 
Wyoming 


34,039 
112,780 
288 
226,784 
2,553,326 
154,255 
85,052 
8,560 
5,846 
1,916,250 
16,055 
794,030 
0 

64,046 
361,038 
2,177 
159,343 
73,411 
3,693 
368,249 
4,918 
88,529 
13,688 
1,627,390 
33 

31,131 
3,127 
800 

2,576,000 
126,000 
0 

7,327 
253,476* 


U.S.  Total  11,671,641 


Sources: 


a. 
b. 
c . 
d. 
e . 

f. 


g- 

h. 


Injection  Reports 
Production  Reports 
Hauling  Reports 
Estimate  calculated 
Estimate  calculated 
data  were  available 
Estimate  calculated 
representative.  See 
a-f 

API  industry  survey 
Not  surveyed 


a 
b 
b 
b 
b 
d 
b 
e 

d 
f 

d 
f 


a 
b 
b 


e 
b 
e 
f 
b 
f 
b 
f 
e 
e 
b 
d 
f 


87,619 
97,740 
149 
184,536 
2,846,978 
.  388,661 
64,738 
1,282,933 

999,143 
90,754 
1,346,675 

76,440 
318,655 

223,558 
164,688 

445, '265 

59,503 

3,103,433 


5,155 

7,838,783 
260,661 

2,844 
985,221 

20,873,243** 


9 

g 
g 
g 
g 
g 
g 

9 
h 

9 
9 

g 

h 
9 

g 

h 
9 

g 

h 

9 
h 

g 

h 

g 

h 

h 

9 
h 

9 

g 

h 

g 

9 


from  water/oil  ratio  from 
from  water/oil  ratio  from 


surrounding 
other  years 


States 
for  which 


from  information  provided  by  State 
Table  1-8,  (Westec,  1987)  to  explain  footnotes 


** 


Wyoming  states  that  1,722,599,614  barrels  of  produced  water  were 
generated  in  the  State  in  1985.    For  the  work  done  in  Chapter  VI,  the 
State's  numbers  were  used. 
Includes  only  States  surveyed. 
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Central  pits  and  treatment  facilities  receive  wastes  from  numerous 
oil  and  gas  field  operations.    Since  large  geographic  areas  are  serviced 
by  these  facilities,  the  facilities  tend  to  be  very  large;  one  pit  in 
Oklahoma  measured  15  acres  and  was  as  deep  as  50  feet  in  places.  Central 
pits  are  used  for  long-term  waste  storage  and  incorporate  no  treatment  of 
pit  contents.    Typical  operations  accept  drilling  waste  only,  produced 
waters  only,  or  both.    Long-term,  natural  evaporation  can  concentrate  the 
chemical  constituents  in  the  pit.    Central  treatment  and  disposal 
facilities  are  designed  for  reconditioning  and  treating  wastes  to  allow 
for  discharge  or  final  disposal.    Like  central  pits,  central  treatment 
facilities  can  accept  drilling  wastes  only,  produced  water  only,  or 
both . 

Reserve  pits  are  used  for  onsite  disposal  of  waste  drilling  fluids. 
These  reserve  pits  are  usually  dewatered  and  backfilled.  Waste 
byproducts  present  at  production  sites  include  saltwater  brines  (called 
produced  waters),  tank  bottom  sludge,  and  "pigging  wax,"  which  can 
accumulate  in  the  gathering  lines. 

Extracts  from  these  samples  were  prepared  both  directly  and  following 
the  proposed  EPA  Toxicity  Characteristic  Leaching  Procedure  (TCLP) .  They 
were  analyzed  for  organic  compounds,  metals,  classical  wet  chemistry 
parameters,  and  certain  other  analytes. 

API  conducted  a  sampling  program  concurrent  with  EPA's.  API's 
universe  of  sites  was  slightly  smaller  than  EPA's,  but  where  they 
overlapped,  the  results  have  been  compared.    API's  methodology  was 
designed  to  be  comparable  to  that  used  by  EPA,  but  API's  sampling  and 
analytical  methods,  including  quality  assurance  and  quality  control 
procedures,  varied  somewhat  from  EPA's.    These  dissimilarities  can  lead 
to  different  analytical  results.    For  a  more  detailed  discussion  of  all 
aspects  of  API's  sampling  program,  see  API  1987. 
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Sampl ing  Methods 


Methods  used  by  EPA  and  by  API  are  discussed  briefly  below,  with 
emphasis  placed  on  EPA's  program. 

EPA  Sampling  Procedures 

Pit  sampling:    All  pit  samples  were  composited  grab  samples.    The  EPA 
field  team  took  two  composited  samples  for  each  pit  —  one  sludge  sample 
and  one  supernatant  sample.    Where  the  pit  did  not  contain  a  discrete 
liquid  phase,  only  a  sludge  sample  was  taken.    Sludge  samples  are  defined 
by  EPA  for  this  report  as  tank  bottoms,  drilling  muds,  or  other  samples 
that  contains  a  significant  quantity  of  solids  (normally  greater  than 
1  percent).    EPA  also  collected  samples  of  drilling  mud  before  it  entered 
the  reserve  pit. 

Each  pit  was  divided  into  four  quadrants,  with  a  sample  taken  from 
the  center  of  each  quadrant,  using  either  a  coring  device  or  a  dredge. 
The  coring  device  was  lined  with  Teflon  or  glass  to  avoid  sample 
contamination.    This  device  was  preferred  because  of  its  ease  of  use  and 
deeper  penetration.    The  quadrant  samples  were  then  combined  to  make  a 
single  composite  sample  representative  of  that  pit. 

EPA  took  supernatant  samples  at  each  of  the  four  quadrant  centers 
before  collecting  the  sludge  samples,  using  a  stainless  steel  liquid 
thief  sampler  that  allows  liquid  to  be  retrieved  from  any  depth.  Samples 
were  taken  at  four  evenly  spaced  depths  between  the  liquid  surface  and 
the  sludge-supernatant  interface.    EPA  followed  the  same  procedure  at 
each  of  the  sampling  points  and  combined  the  results  into  a  single 
composite  for  each  site. 

To  capture  volatile  organics,  volatile  organic  analysis  (VOA)  vials 
were  filled  from  the  first  liquid  grab  sample  collected.    All  other 
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sludge  and  liquid  samples  were  composited  and  thoroughly  mixed  and  had 
any  foreign  material  such  as  stones  and  other  visible  trash  removed  prior 
to  sending  them  to  the  laboratory  for  analysis  (USEPA  1987). 

Produced  water:    To  sample  produced  water,  EPA  took  either  grab 
samples  from  process  lines  or  composited  samples  from  tanks.  Composite 
samples  were  taken  at  four  evenly  spaced  depths  between  the  liquid 
surface  and  the  bottom  of  the  tank,  using  only  one  sampling  point  per 
tank.    Storage  tanks  that  were  inaccessible  from  the  top  had  to  be 
sampled  from  a  tap  at  the  tank  bottom  or  at  a  flow  line  exiting  the 
tank.    For  each  site  location,  EPA  combined  individual  samples  into  a 
single  container  to  create  the  total  liquid  sample  for  that  location. 
EPA  mixed  all  composited  produced  water  samples  thoroughly  and  removed 
visible  trash  prior  to  transport  to  the  laboratory  (USEPA  1987). 

Central  treatment  facilities:    Both  liquid  and  sludge  samples  were 
taken  at  central  treatment  facilities.    All  were  composited  grab  samples 
using  the  same  techniques  described  above  for  pits,  tanks,  or  process 
lines  (USEPA  1987). 

API  Sampl ina  Methods 

The  API  team  divided  pits  into  six  sections  and  sampled  in  an  "S" 
curve  pattern  in  each  section.    There  were  30  to  60  sample  locations 
depending  upon  the  size  of  the  pit.    API's  sampling  device  was  a  metal  or 
PVC  pipe,  which  was  driven  into  the  pit  solids.    When  the  pipe  could  not 
be  used,  a  stoppered  jar  attached  to  a  ridged  pole  was  used.    Reserve  pit 
supernatant  was  sampled  using  weighted  bottles  or  bottom  filling 
devices.    Produced  waters  were  usually  sampled  from  process  pipes  or 
valves.    API  did  not  sample  central  treatment  facilities  (API  1987). 

Analytical  Methods 

As  for  sampling  methods,  analytical  methods  used  by  EPA  and  by  API 
were  somewhat  different.    Each  is  briefly  discussed  below. 
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EPA  Analytical  Methods 


EPA  analyzed  wastes  for  the  RCRA  characteristics  in  accordance  with 
the  Office  of  Solid  Waste  test  methods  manual  (SW-846).    In  addition, 
since  the  Toxicity  Characteristic  Leaching  Procedure  (TCLP)  has  been 
proposed  to  be  a  RCRA  test,  EPA  used  that  analytical  procedure  for 
certain  wastes,  as  appropriate.    EPA  also  used  EPA  methods  1624  and  1625, 
isotope  dilution  methods  for  organics,  which  have  been  determined  to  be 
scientifically  valid  for  this  application. 

EPA's  survey  analyzed  444  organic  compounds,  68  inorganics,  19 
conventional  contaminants,  and  3  RCRA  characteristics  for  a  total  of  534 
analytes.    Analyses  performed  included  gas  and  liquid  chromatography, 
atomic  absorption  spectrometry  and  mass  spectrometry,  ultraviolet 
detection  method,  inductively  coupled  plasma  spectrometry,  and  dioxin  and 
furan  analysis.    All  analyses  followed  standard  EPA  methodologies  and 
protocols  and  included  ful\ quality  assurance/quality  control  (QA/QC)  on 
certain  tests  (USEPA  198.7). 

Of  these  534  analytes,  134  were  detected  in  one  or  more  samples.  For 
about  half  of  the  sludge  samples,  extracts  were  taken  using  EPA's  proposed 
Toxicity  Characteristic  Leaching  Procedure  (TCLP)  and  were  analyzed  for  a 
subset  of  organics  and  metals.    Samples  from  central  pits  and  central 
treatment  facilities  were  analyzed  for  136  chlorinated  dioxins  and  furans 
and  79  pesticides  and  herbicides  (USEPA  1987). 

API  Analytical  Methods 

API  analyzed  for  125  organics,  29  metals,  15  conventional 
contaminants,  and  2  RCRA  characteristics  for  each  sample.    The  same 
methods  were  used  by  API  and  EPA  for  analysis  of  metals  and  conventional 
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pollutants  with  some  minor  variations.    For  organics  analysis  EPA  used 
methods  1624C  and  1625C,  while  API  used  EPA  methods  624  and  625.  While 
the  two  method  types  are  comparable,  method  1624  (and  1625C)  may  give  a 
more  accurate  result  because  of  less  interference  from  the  matrix  and  a 
lower  detection  limit  than  methods  624  and  625.    In  addition,  QA/QC  on 
API's  program  has  not  been  verified  by  EPA.    See  USEPA  1987  for  a 
discussion  of  EPA  analytical  methods. 

Results 

Chemical  Constituents  Found  by  EPA  in  Oil  and  Gas  Extraction  Waste  Streams 

As  previously  stated,  EPA  collected  a  total  of  101  samples  from 
drilling  sites,  production  sites,  waste  treatment  facilities,  and 
commercial  waste  storage  and  disposal  facilities.    Of  these  101  samples, 
42  were  sludge  samples  and  59  were  liquid  samples  (USEPA  1987). 

Health-based  numbers  in  milligrams  per  liter  (mg/L)  were  tabulated 
for  all  constituents  for  which  there  are  Agency-verif ied  limits.  These 
are  either  reference  doses  for  noncarcinogens  (Rfds)  or  risk-specific 
doses  (RSDs)  for  carcinogens.    RSDs  were  calculated,  using  the  following 
risk  levels:  10-6  for  class  A  (human  carcinogen)  and  10-5  for  class  B 
(probable  human  carcinogen).    Maximum  contaminant  limits  (MCLs)  were 
used,  when  available,  then  Rfds  or  RSOs.    An  MCL  is  an  enforceable 
drinking  water  standard  that  is  used  by  the  Office  of  Solid  Waste  when 
ground  water  is  a  main  exposure  pathway. 

Two  multiples  of  the  health-based  limits  (or  MCLs)  were  calculated 
for  comparison  with  the  sample  levels  found  in  the  wastes.    Multiples  of 
100  were  used  to  approximate  the  regulatory  level  set  by  the  EP  toxicity 
test  (i.e.,  100  x  the  drinking  water  standards  for  some  metals  and 
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pesticides).    Multiples  of  1,000  were  used  to  approximate  the 
concentration  of  a  leachate  which,  as  a  first  screen,  is  a  threshold 
level  of  potential  regulatory  concern.    Comparison  of  constituent  levels 
found  by  direct  analysis  of  waste  with  multiples  of  health-based  numbers 
(or  MCLs)  can  be  used  to  approximate  dispersion  of  this  waste  to  surface 
waters.    Comparison  of  constituent  levels  found  by  TCLP  analysis  of  waste 
with  multiples  of  health-based  numbers  {or  MCLs)  can  be  used  to 
approximate  dispersion  of  this  waste  to  ground  water. 

For  those  polyaromatic  hydrocarbons  (PAHs)  for  which  verified 
health-based  numbers  do  not  exist,  limits  were  estimated  by  analogy  with 
known  toxicities  of  other  PAHs.    If  structure  activity  analysis  (SAR) 
indicated  that  the  PAH  had  the  potential  to  be  carcinogenic,  then  it  was 
assigned  the  same  health-based  number  as  benzo{a)pyrene,  a  potent 
carcinogen.    If  the  SAR  analysis  yielded  equivocal  results,  the  PAH  was 
assigned  the  limit  given  to  indeno- { 1 , 2 ,3-cd)  pyrene,  a  PAH  with  possible 
carcinogenic  potential.    If  the  SAR  indicated  that  the  PAH  was  not  likely 
to  be  carcinogenic,  then  it  was  assigned  the  same  number  as  naphthalene, 
a  noncarcinogen. 

The  analysis  in  this  chapter  does  not  account  for  the  frequency  of 
detection  of  constituents,  or  nonhuman  health  effects.    Therefore,  it 
provides  a  useful  indication  of  the  constituents  deserving  further  study, 
but  may  not  provide  an  accurate  description  of  the  constituents  that  have 
the  potential  to  pose  actual  human-health  and  environmental  risks. 
Readers  should  refer  to  Chapter  V,  "Risk  Modeling,"  for  information  on 
human  health  and  environmental  risks  and  should  not  draw  any  conclusions 
from  the  analysis  presented  in  Chapter  II  about  the  level  of  risk  posed 
by  wastes  from  oil  and  gas  wells. 

EPA  may  further  evaluate  constituents  that  exceeded  the  health-based 
limit  or  MCL  multiples  to  determine  fate,  transport,  persistence,  and 
toxicity  in  the  environment.    This  evaluation  may  show  that  constituents 
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designated  as  secondary  in  the  following  discussion  may  not,  in  fact,  be 
of  concern  to  EPA. 

Although  the  Toxicity  Characteristics  Leaching  Procedure  (TCLP)  was 
performed  on  the  sludge  samples,  the  only  constituent  in  the  leach 
exhibiting  concentrations  that  exceeded  the  multiples  previously 
described  was  benzene  in  production  tank  bottom  sludge.    All  of  the  other 
chemical  constituents  that  exceeded  the -multiples  were  from  direct 
analysis  of  the  waste. 

Constituents  Present  at  Levels  of  Potential  Concern 

Because  of  the  limited  number  of  samples  in  relation  to  the  large 
universe  of  facilities  from  which  the  samples  were  drawn,  results  of  the 
waste  sampling  program  conducted  for  this  study  must  be  analyzed 
carefully.    EPA  is  conducting  a  statistical  analysis  of  these  samples. 

Table  1 1 -4  shows  EPA  and  API  chemical  constituents  that  were  present 
in  oil  and  gas  extraction  waste  streams  in  amounts  greater  than, 
health-based  limits  multiplied  by  1,000  (primary  concern)  and  those 
constituents  that  occurred  within  the  range  of  multiples  of  100  and  1,000 
(secondary  concern).    Benzene  and  arsenic,  constituents  of  primary  and 
secondary  concern  respectively,  by  this  definition,  were  modeled  in  the 
risk  assessment  chapter  (Chapter  V).    The  table  compares  waste  stream 
location  and  sample  phase  with  the  constituents  found  at  that  location 
and  phase.    Table  1 1  -  5  shows  the  number  of  samples  compared  with  the 
number  of  detects  in  EPA  samples  for  each  constituent  of  potential 
concern. 

The  list  of  constituents  of  potential  concern  is  not  final.    EPA  is 
currently  evaluating  the  data  collected  at  the  central  treatment 
facilities  and  central  pits,  and  more  chemical  constituents  of  potential 
concern  may  result  from  this  evaluation.    Also,  statistical  analysis  of 
the  sampling  data  is  continuing. 
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Comparison  to  Constituents  of  Potential  Concern  Identified  in  the  Risk 
Analysis 


This  report's  risk  assessment  selected  the  chemical  constituents  that 
are  most  likely  to  dominate  the  human  health  and  environmental  risks 
associated  with  drilling  wastes  and  produced  water  endpoints.  Through 
this  screening  process,  EPA  selected  arsenic,  benzene,  sodium,  cadmium, 
chromium  VI,  boron,  chloride,  and  total  mobile  ions  as  the  constituents 
to  model  for  risk  assessment.6 

The  chemicals  selected  for  the  risk  assessment  modeling  differ  from 
the  constituents  of  potential  concern  identified  in  this  chapter's 
analysis  for  at  least  three  reasons,    first,  the  risk  assessment 
screening  accounted  for  constituent  mobility  by  examining  several  factors 
in  addition  to  solubility  that  affect  mobility  (e.g.,  soil/water 
partition  coefficients)  whereas,  in  Chapter  II,  constituents  of  potential 
concern  were  not  selected  on  the  basis  of  mobility  in  the  environment. 
Second*  certain  constituents  were  selected  for  the  risk  assessment 
modeling  based  on  their  potential  to  cause  adverse  environmental  effects 
as  opposed  to  human  health  effects;  the  Chapter  II  analysis  considers 
mostly  human  health  effects.    Third,  frequency  of  detection  was 
considered  in  selecting  constituents  for  the  risk  analysis  but  was  not 
considered  in  the  Chapter  II  analysis- 
Facility  Analysis 

Constituents  of  potential  concern  were  chosen  on  the  basis  of 
exceedances  in  liquid  samples  or  TCLP  extract.    Certain  sludge  samples 
are  listed  in  Tables  1 1 -4  and  II-5>  since  these  samples,  through  direct 


Mobile  ions  modeled  in  the  risk  assessment  include  chloride,  sodium,  potassium, 
calcium,  magnesium,  and  sulfate, 
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chemical  analysis,  indicated  the  presence  of  constituents  at  levels 
exceeding  the  multiples  previously  described.    One  sludge  sample  analyzed 
by  the  TCLP  method  contained  benzene  in  an  amount  above  the  level  of 
potential  concern.    This  sample  is  included  in  Tables  1 1-4  and  II-5.  The 
sludge  samples  are  shown  for  comparison  with  the  liquid  samples  and  TCLP 
extract  and  were  not  the  basis  for  choice  as  a  constituent  of  potential 
concern.    Constituents  found  in  the  liquid  samples  or  the  TCLP  extract  in 
amounts  greater  than  100  times  the  health-based  number  are  considered 
constituents  of  potential  concern  by  EPA. 

Central  Treatment  Facility 

Benzene,  the  only  constituent  found  in  liquid  samples  at  the  central 
treatment  facilities,  was  found  in  the  effluent  in  amounts  exceeding  the 
level  of  potential  concern. 

Central  Pit  Facility 

No  constituent  was  found  in  the  liquid  phase  in  amounts  exceeding  the 
level  of  potential  concern  at  central  pit  facilities. 

Drilling  Facilities 

Lead  and  barium  were  found  in  amounts  exceeding  the  level  of 
potential  concern  in  the  liquid  phase  of  the  tank  bottoms  and  the  reserve 
pits  that  were  sampled.    Fluoride  was  found  in  amounts  that  exceeded  100 
times  the  health-based  number  in  reserve  pit  supernatant. 

Production  Facility 

Benzene  was  present  in  amounts  that  exceeded  the  level  of  potential 
concern  at  the  midpoint  and  the  endpoint  locations.    Exceedances  of  the 
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level  of  potential  concern  that  occurred  only  at  the  endpoint  location 
were  for  phenanthrene,  barium,  arsenic,  and  antimony.    Benzene  was 
present  in  amounts  exceeding  the  multiple  of  1,000  in  the  TCLP  leachate 
of  one  sample. 

WASTE  CHARACTERIZATION  ISSUES 

Toxicity  Characteristic  Leaching  Procedure  (TCLP) 

The  TCLP  was  designed  to  model  a  reasonable  worst-case  mismanagement 
scenario,  that  of  co-disposal  of  industrial  waste  with  municipal  refuse 
or  other  types  of  biodegradable  organic  waste  in  a  sanitary  landfill.  As 
a  generic  model  of  mismanagement,  this  scenario  is  appropriate  for 
nonregulated  wastes  because  those  wastes  may  be  sent  to  a  municipal 
landfill.    However,  most  waste  from  oil  and  gas  exploration  and 
production  is  not  disposed  of  in  a  sanitary  landfill,  for  which  the  test 
was  designed.    Therefore,  the  test  may  not  reflect  the  true  hazard  of  the 
waste  when  it  is  managed  by  other  methods.    However,  if  these  wastes  were 
to  go  to  a  sanitary  landfill,  EPA  believes  the  TCLP  would  be  an 
appropriate  leach  test  to  use. 

For  example,  the  TCLP  as  a  tool  for  predicting  the  leachability  of 
oily  wastes  placed  in  surface  impoundments  may  actually  overestimate  that 
leachability.    One  reason  for  this  overestimation  involves  the  fact  that 
the  measurement  of  volatile  compounds  is  conducted  in  a  sealed  system 
during  extraction.    Therefore,  all  volatile  toxicants  present  in  the 
waste  are  assumed  to  be  available  for  leaching  to  ground  water.    None  of 
the  volatiles  are  assumed  to  be  lost  from  the  waste  to  the  air.  Since 
volatilization  is  a  potentially  significant,  although  as  yet 
unquantified,  route  of  loss  from  surface  impoundments,  the  TCLP  may 
overestimate  the  leaching  potential  of  the  waste.    Another  reason  for 
overestimation  is  that  the  TCLP  assumes  that  no  degradation—either 
chemical,  physical,  or  biological --will  occur  in  the  waste  before  the 
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leachate  actually  leaves  the  impoundment.    Given  that  leaching  is  not 
likely  to  begin  until  a  finite  time  after  disposal  and  will  continue  to 
occur  over  many  years,  the  assumption  of  no  change  may  tend  to 
overestimate  leachabil ity . 

Conversely,  the  TCLP  may  underestimate  the  leaching  potential  of 
petroleum  wastes.    One  reason  for  this  assumption  is  a  procedural  problem 
in  the  filtration  step  of  the  TCLP ,    The  amount  of  mobile  liquid  phase 
that  is  present  in  these  wastes  and  that  may  migrate  and  result  in 
ground-water  contamination  is  actually  underestimated  by  the  TCLP.  The 
TCLP  requires  the  waste  to  be  separated  into  its  mobile  and  residue  solid 
phases  by  filtration.    Some  production  wastes  contain  materials  that  may 
clog  the  filter,  indicating  that  the  waste  contains  little  or  no  mobile 
fraction.    In  an  actual  disposal  environment,  however,  the  liquid  may 
migrate.    Thus,  the  TCLP  may  underestimate  the  leaching  potential  of 
these  materials.    Another  reason  for  underestimation  may  be  that  the 
acetate  extraction  fluid  used  is  not  as  aggressive  as  real  world  leaching 
.  fluid  since  other  stabilizing  species  (e.g.,  detergents,  solvents,  humic 
species,  chelating  agents)  may  be  present  in  leaching  fluids  in  actual 
disposal  units.    The  use  of  a  citric  acid  extraction  media  for  more 
aggressive  leaching  has  been  suggested. 

Because  the  TCLP  is  a  generic  test  that  does  not  take  site-specific  ■ 
factors  into  account,  it  may  overestimate  waste  Teachability  in  some 
cases  and  underestimate  waste  Teachability  in  other  cases.    This  is 
believed  to  be  the  case  for  wastes  from  oil  and  gas  exploration  and 
production. 

The  EPA  has  several  projects  underway  to  investigate  and  quantify  the 
leaching  potential  of  oily  matrices.    These  include  using  filter  aids  to 
prevent  clogging  of  the  filter,  thus  increasing  filtration  efficiency, 
and  using  column  studies  to  quantitatively  assess  the  degree  to  which 
oily  materials  move  through  the  soil.    These  projects  may  result  in  a 
leach  test  more  appropriate  for  oily  waste. 
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Solubility  and  Mobility  of  Constituents 

Barium  is  usually  found  in  drilling  waste  as  barium  sulfate  (barite), 
which  is  practically  insoluble  in  water  (Considine  1974).    Barium  sulfate 
may  be  reduced  to  barium  sulfide,  which  is  water  soluble.    It  is  the 
relative  insolubility  of  barium  sulfate  that  greatly  decreases  its 
toxicity  to  humans;  the  more  soluble  and  mobile  barium  sulfide  is  also 
much  more  toxic  {Sax  1984).    Barium  sulfide  formation  from  barium  sulfate 
requires  a  moist  anoxic  environment. 

The  organic  constituents  present  in  the  liquid  samples  in 
concentrations  of  potential  concern  were  benzene  and  phenanthrene. 
Benzene  was  found  in  produced  waters  and  effluent  from  central  treatment 
facilities,  and  phenanthrene  was  found  in  produced  waters. 

An  important  commingling  effect  that  can  increase  the  mobility  of 
nonpolar  organic  solvents  is  the  addition  of  small  amounts  of  a  more 
soluble  organic  solvent.    This  effect  can  significantly  increase  the 
extent  to  which  normally  insoluble  materials  are  dissolved.  This 
solubility  enhancement  is  a  log-linear  effect.    A  linear  increase  in 
cosolvent  concentration  can  lead  to  a  logarithmic  increase  in 
solubility.    This  effect  is  also  additive  in  terms  of  concentration.  For 
instance,  if  a  number  of  cosolvents  exist  in  small  concentrations,  their 
total  concentration  may  be  enough  to  have  a  significant  effect  on 
nonpolar  solvents  with  which  the  cosolvents  come  in  contact  (Nkedi-Kizza 
1985,  Woodburn  et  al .  1986).    Common  organic  cosolvents  are  acetone, 
toluene,  ethanol ,  and  xylenes  (Brown  and  Donnelly  1986). 

Other  factors  that  must  be  considered  when  evaluating  the  mobility  of 
these  inorganic  and  organic  constituents  in  the  environment  are  the  use 
of  surfactants  at  oil  and  gas  drilling  and  production  sites  and  the 
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general  corrosivity  of  produced  waters.    Surfactants  can  enhance  the 
solubility  of  many  constituents  in  these  waters.    Produced  waters  have 
been  shown  to  corrode  casing  (see  damage  cases  in  Chapter  IV). 

Changes  in  pH  in  the  environment  of  disposal  can  cause  precipitation 
of  compounds  or  elements  in  waste  and  this  can  decrease  mobility  in  the 
environment.    Also  adsorption  of  waste  components  to  soil  particles  will 
attenuate  mobility.    This  is  especially  true  of  soils  containing  clay 
because  of  the  greater  surface  area  of  clay-sized  particles. 

Phototoxic  Effect  of  Polycyclic  Aromatic  Hydrocarbons  (PAH) 

New  studies  by  Kagan  et  al .  (1984),  Allred  and  Giesy  (1985),  and 
Bowling  et  al .  (1983)  have  shown  that  very  low  concentrations  (ppb  in 
some  cases)  of  polycyclic  aromatic  hydrocarbon  (PAH)  are  lethal  to  some 
forms  of  aquatic  wildlife  when  they  are  introduced  to  sunlight  after 
exposure  to  the  PAHs.    This  is  called  the  phototoxic  effect. 

In  the  study  conducted  by  Allred  and  Giesy  (1985),  it  was  shown  that 
anthracene  toxicity  to  Daphnia  pul ex  resulted  from  activation  by  solar 
radiation  of  material  present  on  or  within  the  animals  and  not  in  the 
water.    It  appeared  that  activation  resulted  from  anthracene  molecules 
and  not  anthracene  degeneration  products.    Additionally,  it  was  shown 
that  wavelengths  in  the  UV-A  region  (315  to  380  nm)  are  primarily 
responsible  for  photo-induced  anthracene  toxicity. 

It  has  been  shown  that  PAHs  are  a  typical  component  of  some  produced 
waters  (Davani  et  al . ,  1986a).    The  practice  of  disposal  of  produced 
waters  in  unlined  percolation  pits  is  allowing  PAHs  and  other 
constituents  to  migrate  into  and  accumulate  in  soils  (Eiceman  et  al . , 
1986a,  1986b). 
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pH  and  Other  RCRA  Characteristics 

Of  the  RCRA  parameters  reactivity,  ignitabil ity,  and  corrosivity,  no 
waste  sample  failed  the  first  two.    Reactivity  was  low  and  ignitabil ity 
averaged  200°F  for  all  waste  tested.    On  the  average,  corrosivity 
parameters  were  not  exceeded,  but  one  extreme  did  fail  this  RCRA  test 
(See  Table  1 1 -6).    A  solid  waste  is  considered  hazardous  under  RCRA  if 
its  aqueous  phase  has  a  pH  less  than  or  equal  to  2  or  greater  than  or 
equal  to  12.5.    As  previously  stated,  a  sludge  sample  is  defined  by  EPA 
in  this  document  as  a  sample  containing  a  significant  quantity  of  solids 
(normally  greater  than  1  percent}. 

. 

Of  the  major  waste  types  at  oil  and  gas  facilities,  waste  drilling 
muds  and  produced  waters  have  an  average  neutral  pH.    Waste  drilling 
fluid  samples  ranged  from  neutral  values  to  very  basic  values,  and 
produced  waters  ranged  from  neutral  to  acidic  values.    In  most  cases  the 
sludge  phase  tends  to  be  more  basic  than  the  liquid  phases.-  An  exception 
is  the  tank  bottom  waste  at  central  treatment  facilities,  which  has  an 
average  acidic  value.    Drilling  waste  tends  to  be  basic  in  the  liquid  and 
sludge  phases  and  failed  the  RCRA  test  for  alkalinity  in  one  extreme 
case.    At  production  facilities  the  pH  becomes  more  acidic  from  the 
midpoint  location  to  the  endpoint.    This  is  probably  due  to  the  removal 
of  hydrocarbons.    This  neutralizing  effect  of  hydrocarbons  is  also  shown 
by  the  neutral  pH  values  of  the  production  tank  bottom  waste.  An 
interesting  anomaly  of  Table  1 1 -6  is  the  alkaline  values  of  the  influent 
and  effluent  of  central  treatment  facilities  compared  to  the  acidic 
values  of  the  tank  bottoms  at  these  facilities.    Because  central 
treatment  facilities  accept  waste  drilling  fluids  and  produced  waters, 
acidic  constituents  of  produced  waters  may  be  accumulating  in  tank  bottom 
sludges.    The  relative  acidity  of  the  produced  waters  is  also  indicated 
by  casing  failures,  as  shown  by  some  of  the  damage  cases  in  Chapter  IV. 
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Use  of  Constituents  of  Concern 

The  screening  analysis  conducted  for  the  risk  assessment  identified 
arsenic,  benzene,  sodium,  cadmium,  chromium  VI,  boron,  and  chloride  as 
the  constituents  that  likely  pose  the  greatest  human  health  and 
environmental  risks.    The  risk  assessment's  findings  differ  from  this 
chapter's  findings  since  this  chapter's  analysis  did  not  consider  the 
frequency  of  detection  of  constituents,  mobility  factors,  or  nonhuman 
health  effects  {see  Table  11-7).    Some  constituents  found  in  Table  11-4 
were  in  waste  streams  causing  damages  as  documented  in  Chapter  IV. 
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Table  11-7  Comparison  of  Potential  Constituents  of  Concern 
That  Were  Modeled  in  Chapter  V 


Chemical 

Chapter 

rr  v** 

Reasons  for  not  including  in  Chapter  V 
risk  analysis  "** 

Benzene 

p 

Yes 

N/A 

Phenanthrene 

p 

MO 

Low  frequency  in  drilling  pit  and  produced  water  samples; 
low  ground-water  mobility;  relatively  low  concentration- 
to-toxicity  ratio;  unverified  reference  dose  used  for 
Chapter  2  analysis. 

Lead 

p 

No 

Low  ground-water  mobility. 

Barium 

p 

No 

Low  ground-water  mobility. 

Arsenic 

s 

Yes 

N/A 

Fluoride 

s 

No 

Relatively  low  concentration-to-toxicity  ratio. 

Antimony 

s 

No 

Low  frequency  in  drilling  pit  and  produced  water  samples. 

P  =  primary  concern  in  Chapter  11;  3  =  secondary  concern  in  Chapter  II. 


Yes  =  modeled  in  Chapter  V  analysis;  no  =  not  modeled  in  Chapter  V  analysis. 
Table  summarizes  primary  reasons  only;  additional  secondary  reasons  may  also  exist. 
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CHAPTER  III 

CURRENT  AND  ALTERNATIVE  WASTE  MANAGEMENT  PRACTICES 


INTRODUCTION 

Managing  wastes  produced  by  the  oil  and  gas  industry  is  a  large 
task.    By  the  estimates  gathered  for  this  report,  in  1985  over  361 
million  barrels  of  drilling  muds  and  20.9  billion  barrels  of  produced 
water  were  disposed  of  in  the  33  States  that  have  significant 
exploration,  development,  and  production  activity.     In  that  same  year, 
there  were  834,831  active  oil  and  gas  wells,  of  which  about  70  percent 
(580,000  wells)  were  stripper  operations. 

The  focus  of  this  section  is  to  review  current  waste  management 
technologies  employed  for  wastes  at  all  phases  of  the  exploration- 
development  -product  ion  cycle  of  the  onshore  oil  and  gas  industry.    It  is 
convenient  to  divide  wastes  into  two  broad  categories.    The  first 
category  includes  drilling  muds,  wellbore  cuttings,  and  chemical 
additives  related  to  the  drilling  and  well  completion  process.  These 
wastes  tend  to  be  managed  together  and  may  be  in  the  form  of  liquids, 
sludges,  or  solids.  The  second  broad  category  includes  all  wastes 
associated  with  oil  and  gas  production.    Produced  water  is  the  major 
waste  stream  and  is  by  far  the  highest  volume  waste  associated  with  oil 
and  gas  production.  Other  production-related  wastes  include  relatively 
small  volumes  of  residual  bactericides,  fungicides,  corrosion  inhibitors, 
and  other  additives  used  to  ensure  efficient  production;  wastes  from 
oil/gas/water  separators  and  other  onsite  processing  facilities; 
production  tank  bottoms;  and  scrubber  bottoms.1 


1  For  the  purpose  of  this  chapter,  all  waste  streams,  whether  exempt  or  nonexempt.  a 
discussed 


In  addition  to  looking  at  these  two  general  waste  categories,  it  is 
also  important  to  view  waste  management  in  relation  to  the  sequence  of 
operations  that  occurs  in  the  life  cycle  of  a  typical  well.  The 
chronology  involves  both  drilling  and  production--the  two  phases 
mentioned  above--but  it  also  can  include  "post-closure"  events,  such  as 
seepage  of  native  brines  into  fresh  ground  water  from  improperly  plugged 
or  unplugged  abandoned  wells  or  leaching  of  wastes  from  closed  reserve 
pits. 

Section  8002(m)  of  RCRA  requires  EPA  to  consider  both  current  and 
alternative  technologies  in  carrying  out  the  present  study.  Sharp 
distinctions  between  current  and  alternative  technologies  are  difficult 
to  make  because  of  the  wide  variation  in  practices  among  States  and  among 
different  types  of  operations.    Furthermore,  waste  management  technology 
in  this  field  is  fairly  simple.    At  least  for  the  major  high-volume 
streams,  there  are  no  significant  newly  invented,  field-proven 
technologies  in  the  research  or  development  stage  that  can  be  considered 
"innovative"  or  "emerging."    Although  practices  that  are  routine  in  one 
location  may  be  considered  innovative  or  alternative"  elsewhere,  virtually 
every  waste  management  practice  that  exists  can  be  considered  "current" 
in  one  specific  situation  or  another.    This  is  because  different 
climatological  or  geological  settings  may  demand  different  management 
procedures,  either  for  technical  convenience  in  designing  and  running  a 
facility  or  because  environmental  settings  in  a  particular  region  may  be 
unique.    Depth  to  ground  water,  soil  permeability,  net 
evapotranspiration,  and  other  site-specific  factors  can  strongly 
influence  the  selection  and  design  of  waste  management  practices.  Even 
where  geographic  and  production  variables  are  similar,  States  may  impose 
quite  different  requirements  on  waste  management,  including  different 
permitting  conditions. 
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Long-term  improvements  in  waste  management  need  not  rely,  however, 
purely  on  increasing  the  use  of  better  exi sting  technology.    The  Agency 
does  foresee  the  possibility  of  significant  technical  improvements  in 
future  technologies  and  practices.    Examples  include  incineration  and 
other  thermal  treatment  processes  for  drilling  fluids;  conservation, 
recycling,  reuse,  and  other  waste  minimization  techniques;  and  wet  air 
oxidation  and  other  proven  technologies  that  have  not  yet  been  applied  to 
oil  and  gas  operations. 

Sources  of  Information 

The  descriptions  and  interpretations  presented  here  are  based  on 
State  or  Federal  regulatory  requirements,  published  technical 
information,  observations  gathered  onsite  during  the  waste  sampling 
program,  and  interviews  with  State  officials  and  private  industry. 
Emphasis  is  placed  on  practices  in  13  States  that'  represent  a 
cross-section  of  the  petroleum  extraction  industry  based  on  their  current 
drilling  activity,  rank  .in  production,  and  geographic  distribution.  (See 
Table  II1-1.) 

Limitations 

Data  on  the  prevalence,  environmental  effectiveness,  and  enforcement 
of  waste  management  requirements  currently  in  effect  in  the 
petroleum-producing  States  are  difficult  to  obtain.    Published  data  are 
scarce  and  often  outdated.    Some  of  the  State  regulatory  agencies  that 
were  interviewed  for  this  study  have  only  very  limited  statistical 
information  on  the  volumes  of  wastes  generated  and  on  the  relative  use  of 
the  various  methods  of  waste  disposal  within  their  jurisdiction.  Time 
was  not  available  to  gather  statistics  from  other  States  that  have 
significant  oil  and  gas  activity.    This  lack  of  concrete  data  makes  it 
difficult  for  EPA  to  complete  a  definitive  assessment  of  available 
disposal  options.    EPA  is  collecting  additional  data  on  these  topics. 


1 1 1 -3 


Table  States  with  Major  Oil  Production 

References  in  This  Study 


Alaska 
Arkansas 
California 
Colorado 

Kansas 
Lou  is  i ana 
Michigan 
New  Mexico 
Ohio 
Oklahoma 
Texas 
West  Virginia 
Wyoming 
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DRILLING-RELATED  WASTES 


Description  of  Waste 

Drilling  wastes  include  a  wide  variety  of  materials,  ranging  in 
volume  from  the  thousands  of  barrels  of  fluids  ("muds")  used  to  drill  a 
well,  to  the  hundreds  of  barrels  of  drill  cuttings  extracted  from  the 
borehole,  to  much  smaller  quantities  of  wastes  associated  with  various 
additives  and  chemicals  sometimes  used  to  condition  drilling  fluids.  A 
general  description  of  each  of  these  materials  is  presented  in  broad 
terms  below. 

■ 

Drilling  Fluids  (Muds) 

The  largest  volume  drilling-related  wastes  generated  are  the  spent 
drilling  fluids  or  muds.    The  composition  of  modern  drilling  fluids  or 
muds  can  be  quite  complex  and  can  vary  widely,  not  only  from  one 
geographical  area  to  another  but  also  from  one  depth  to  another  in  a 
particular  well  as  it  is  drilled. 

Muds  fall  into  two  general  categories:  water-based  muds,  which  can  bi 
made  with  fresh  or  saline  water  and  are  used  for  most  types  of  drilling, 
and  oil -based  muds,  which  can  be  used  when  water-sensitive  formations  ar 
drilled,  when  high  temperatures  are  encountered,  or  when  it  is  necessary 
to  protect  against  severe  drill  string  corrosion  in  hostile  downhole 
environments.    Drilling  muds  contain  four  essential  parts:    (1)  liquids, 
either  water  or  oil;  (2)  reactive  solids,  the  viscosity-  and 
density-building  part  of  the  system,  often  bentonite  clays;  (3)  inert 
solids  such  as  barite;  and  (4)  additives  to  control  the  chemical, 
physical,  and  biological  properties  of  the  mud.    These  basic  components 
perform  various  functions.    For  example,  clays  increase  viscosity  and 
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density,  barium  sulfate  (barite)  acts  as  a  weighting  agent  to  maintain 
pressure  in  the  well,  and  lime  and  caustic  soda  increase  pH  and  control 
viscosity.    Additional  conditioning  materials  include  polymers,  starches, 
lignitic  material,  and  various  other  chemicals  (Canter  et  al .  1984). 

Table  1 1 1-2  presents  a  partial  list,  by  use  category,  of  additives  to 
drilling  muds  (Note:  this  table  is  based  on' data  that  may,  in  some  cases, 
be  outdated.) 

Cuttinos 

Well  cuttings  include  all  solid  materials  produced  from  the  geologic 
formations  encountered  during  the  drilling  process  that  must  be  managed 
as  part  of  the  content  of  the  waste  drilling  mud.    Drill  cuttings  consist 
of  rock  fragments  and  other  heavy  materials  that  settle  out  by  gravity  in 
the  reserve  pit.    Other  materials,  such  as  sodium  chloride,  are  soluble 
in  fresh  water  and  can  pose  problems  in  waste  disposal.  Naturally 
occurring  arsenic  may  also  be  encountered  in  significant  concentrations 
in  certain  wells  and  in  certain  parts  of  the  country  and  must  be  disposed 
of  appropriately.    (Written  communication  with  Mr.  Don  Basko,  Wyoming  Oil 
and  Gas  Conservation  Commission.) 

Waste  Chemicals 

In  the  course  of  drilling  operations,  chemicals  may  be  disposed  of  by 
placing  them  in  the  well's  reserve  pit.  These  can  include  any  substances 
deliberately  added  to  the  drilling  mud  for  the  various  purposes  mentioned 
above  (see  Table  1 1 1 - 2 ) . 
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Table  I'll-?    Characterization  of  Oi  1 
and  Gas  Ori  1 1  ing  F lu  ids 

Source:     Information  in  this  table  was  taken  from  American 
Petroleum  Institute  (API)  Bulletin  13F  (1978),  Drilling 
practices  nave  evolved  significantly  in  some  respects  since 
its  publication:  the  information  presented  below  may 
therefore  not  be  fully  accurate  or  current. 


Bases 


Bases  used  in  formulating  drilling  fluid  are  predominantly  fresh 
water,  with  minor  use  of  saltwater  or  oils,  including  diesel  and 
mineral  oils.     It  is  estimated  that  the  industry  used  30,000  tons  of 
diesel  oil  per  year  in  drilling  fluid  in  197B,a 


Weighting  Agents 


Comnon  weighting  agents  found  in  drilling  fluids  are  barite,  calcium 
carbonate,  and  galena  (Pb$),b"  Approximately  1,900,000  tons  of 
barite.  2,500  tons  of  calcium  carbonate,  and  50  tons  of  galena  (the 
mineral  form  of  lead]  are  used  in  drilling  each  year, 


V  iscos  if  lers 


Viscosifiers  found  in  drilling  fluid  include: 

*  Benton ite  clays 

-  *    Attapulgite/sepiol ite 

•  Asphalt/gilsonite 

*  Asbestos 

•  B  io-po lymers 


650,000  tons/year 
85,000  tons/year 
10 r 000  tons/vear 
10.000  tons/year 
500  tons/year 


a    This  figure  included  contributions  from  offshore  operations. 
According  to  API ,  use  of  diesel  oil  in  drilling  fluid  has  been 
substantially  reduced  in  the  past  10  years  principally  as  a  result  of 
its  restricted  use  in  offshore  operations. 

b    API  states  that  galena  is  no  longer  used  in  drilling  mud. 


1 1 1-7 


Table  1 1 1 - 2  (continued) 


Dispersants 


Dispersants  used  in  drilling  fluid  include: 

#  Cadmium,  chromium,  iron, 

and  other  metal  1  ignosulf onates  65,000  tons/year 

*  Natural,  caustic ized  chromium 

and  zinc  lignite  50,000  tons/year 

•  Inorganic  phosphates  1.500  tons/year 

•  Modified  tannins  1.200  tons/year 


F  )m4  Loss  Reducers 


Fluid  loss  reducers  used  in  drilling  fluid  include: 

•  Starch/organic  polymers  15,000  tons/year 

#  Cellulosic  polymers  (GHC,  HEC )  12,500  tons/year 

#  Guar  gum  100  tons/year 

*  Acrylic  polymers  2,500  tons/year 


Lost  Circulation  Materials 


Lost  circulation  materials  used  comprise  a  variety  of  nontoxic 
substances  including  cellophane,  cotton  seed,  rice  hulls,  ground 
Formica,  ground  leather,  ground  paper,  ground  pecan  and  walnut 
shells,  mica,  and  wood  and  cane  fibers.    A  total  of  ZO.OOO  tons  of 
tnese  materials  is  used  per  year. 
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Table  II1-2  [continued) 


Surface  Active  Agents 


Surface  active  agents  (used  as  emuls  if  ters ,  detergents,  defoamants) 
inc  lude : 

*         Fatty  acids,  naphthemc  acids,  and  soaps  5fQ0Q 

tons/year 

Organic  sulfates/sulfonates  1.000  tons/year 

Aluminum  stearate  [quantity  not  available) 


Lubr icants 


Lubricants  used  include; 

*  Vegetable  oils       500  tons/year 

*  Graphite       *5  tons/year 


Flocculating  Agents 


The  primary  flocculating  agents  used  in  drilling  are; 

Acrylic  polymers  2,500  tons/year 


Bioc ides 


Bioeides  used  in  drilling  include: 

Organic  amines,  amides,  amine  salts  1,000  tons/year 

Aldehydes  (paraformaldehyde)  500  tons/year 

•         Chlorinated  phenols        <)  ton/year 

i  Organosulfur  compounds  and  (quantity  not  available) 

organometal lies 


Hiscel  laneous 

Miscellaneous  drilling  fluid  additives  include: 

•          Ethoxylated  alkyl  phenols 

1,800  tons/year 

*         Aaliphat  ic  alcohols 

<10  tons/year 

i         Aluminum  anhydride  derivatives 

(quant  it ies  not 

and  chrom  alum 

avai lable) 
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Table  II 1-2  (continued) 


Commercial  Chemicals 


Comnercial  chemicals  used  in  drilling  fluid 

•  Sodium  hydroxide 

•  Sodium  chloride 

•  Sodium  carbonate 

•  Calcium  chlonoe 

•  Calcium  hydroxide/calcium  oxide 
«  Potassium  chloride 

•  Sodium  chroma te/dichromatea 

•  Calcium  sulfate 

•  Potassium  hydroxide 

■  Sodium  bicarbonate 

■  Sodium  sulfite 

•  Magnesium  oxide 

•  Barium  carbonate 


inc lude: 

50,000  tons/year 

50,000  tons/year 

20,000  tons/year 

12,500  tons/year 

10,000  tons/year 

5000  tons/ year 

4,000  tons/year 

500  tons/year 

500  tons/year 

500  tons/year 

50  tons/year 

<10  tons/year 

{quantity  not  available) 


These  commercial  chemicals  are  used  for  a  variety  of  purposes 
including  pH  control,  corrosion  inhibition,  increasing  fluid  phase 
density,  treating  out  calcium  sulfate  in  low  pH  muds,  treating  qui 
calcium  sulfate  in  high  pH  muds. 


Corrosion  Inhibitors 


Corrosion  inhibitors  used  include: 

•  Iron  oxide 

e    Ammonium  bisulfite 

•  Basic  zinc  carbonate 

•  Zinc  chromate 


100  tons/year 

100  tons/year 

100  tons/year 

c]0  tons/year 


a  API  states  that  sodium  chromate  is  no  longer  used  in  drilling 
mud  r 
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Fracturing  and  Acidizing  Fluids 


Fracturing  and  acidizing  are  processes  commonly  used  to  enlarge  ' 
existing  channels  and  open  new  ones  to  a  wellbore  for  several  purposes: 

.    To  increase  permeability  of  the  production  formation  of  a  well; 

•    To  increase  the  zone  of  influence  of  injected  fluids  used  in 
enhanced  recovery  operations;  and 

i    To  increase  the  rate  of  injection  of  produced  water  and 
industrial  waste  material  into  disposal  wells. 

The  process  of  "fracturing"  involves  breaking  down  the  formation, 
often  through  the  application  of  hydraulic  pressure,  followed  by  pumping 
mixtures  of  gelled  carrying  fluid  and  sand  into  the  induced  fractures  to 
hold  open  the  fissures  in  the  rocks  after  the  hydraulic  pressure  is 
released.    Fracturing  fluids  can  be  oil -based  or  water-based.  Additives 
are  used  to  reduce  the  leak-off  rate,  to  increase  the  amount  of  propping 
agent  carried  by  the  fluid,  and  to  reduce  pumping  friction.  Such 
additives  may  include  corrosion  inhibitors,  surfactants,  sequestering  . 
agents,  and  suspending  agents.    The  volume  of  fracturing  fluids  used  to 
stimulate  a  well  can  be  significant.2    Closed  systems,  which  do 
not  involve  reserve  pits,  are  used  very  occasionally  (see  discussion 
below).    However,  closed  systems  are  widely  used  in  California.    Many  oi 
and  gas  fields  currently  being  developed  contain  low-permeability 
reservoirs  that  may  require  hydraulic  fracturing  for  commercial 
production  of  oil  or  gas. 


2    Mobile  Oil  Co.  recently  set  a  well  stimulation  record  (single  stage)  in  a  Wilcox 
formation  well  in  Zapata  County.  Texas,  by  placing  6.3  million  pounds  of  sand,  using  a  fracturing 
fluid  volume  of  1.54  million  gallons  (World  Oil,  January  1987), 
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The  process  of  "acidizing"  is  done  by  injecting  acid  into  the  target 
formation.    The  acid  dissolves  the  rock,  creating  new  channels  to  the 
well  bore  and  enhancing  existing  ones.    The  two  basic  types  of  acidizing 
treatments  used  are: 

.    Low-pressure  acidizing:    acidizing  that  avoids  fracturing  the 
formation  and  allows  acid  to  work  through  the  natural  pores 
(matrix)  of  the  formation. 

.    Acid  fracturing:    acidizing  that  utilizes  high  pressure  and  high 
volumes  of  fluids  (acids)  to  fracture  rock  and  to  dissolve  the 
matrix  in  the  target  formation. 

The  types  of  acids  normally  used  include  hydrochloric  acid  (in 
concentrations  ranging  from  15  to  28  percent  in  water),  hydrochloric- 
hydrofluoric  acid  mixtures  (12  percent  and  3  percent,  respectively),  and 
acetic  acid.    Factors  influencing  the  selection  of  acid  type  include 
formation  solubility,  reaction  time,  reaction  products  effects,  and  the 
sludging  and  emulsion- forming  properties  of  the  crude  oil.    The  products 
of  spent  acid  are  primarily  carbon  dioxide  and  water. 

Spent  fracturing  and  acidizing  fluid  may  be  discharged  to  a  tank,  to 
the  reserve  pit,  or  to  a  workover  pit. 

Completion  and  Workover  Fluids 

Completion  and  workover  fluids  are  the  fluids  placed  in  the  wellbore 
during  completion  or  workover  to  control  the  flow  of  native  formation 
fluids,  such  as  water,  oil,  or  gas.    The  base  for  these  fluids  is  usually 
water.    Various  additives  are  used  to  control  density,  viscosity,  and 
filtration  rates;  prevent  gelling  of  the  fluid;  and  reduce  corrosion. 
They  include  a  variety  of  salts,  organic  polymers,  and  corrosion 
inhibitors. 
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When  the  completion  or  workover  operation  is  completed,  the  fluids  in 
the  wellbore  are  discharged  into  a  tank,  the  reserve  pit,  or  a  workover 
pit . 


Riqwash  and  Other  Miscellaneous  Wastes 

Rigwash  materials  are  compounds  used  to  clean  decks  and  other  rig 
equipment.    They  are  mostly  detergents  but  can  include  some  organic 
solvents,  such  as  degreasers. 

Other  miscellaneous  wastes  include  pipe  dope  used  to  lubricate 
connections  in  pipes,  sanitary  sewage,  trash,  spilled  diesel  oil,  and 
lubricating  oil . 

All  of  these  materials  may,  in  many  operations,  be  disposed  of  in  the 
reserve  pit. 

ONSITE  DRILLING  WASTE  MANAGEMENT  METHODS 

Several  waste  management  methods  can  be  used  to  manage  oil  and  gas 
drilling  wastes  onsite.    The  material  presented  below  provides  a  separate 
discussion  for  reserve  pits,  landspreading,  annular  disposal, 
solidification  of  reserve  pit  wastes,  treatment  and  disposal  of  liquid 
wastes  to  surface  water,  and  closed  treatment  systems. 

Several  waste  management  methods  may  be  employed  at  a  particular  site 
simultaneously.    Issues  associated  with  reserve  pits  are  particularly 
complex  because  reserve  pits  are  both  an  essential  element  of  the 
drilling  process  and  a  method  for  accumulating,  storing,  and  disposing  of 
wastes.    This  section  therefore  begins  with  a  general  discussion  of 
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several  aspects  of  reserve  pits—design,  construction,  operation,  and 
c1osure--and  then  continues  with  more  specific  discussions  of  the  other 
technologies  used  to  manage  drilling  wastes. 

Reserve  Pits 

Description 

Reserve  pits,  an  essential  design  component  in  the  great  majority  of 
well  drilling  operations,3  are  used  to  accumulate,  store,  and,  to 
a  large  extent,  dispose  of  spent  drilling  fluids,  cuttings,  and 
associated  drill  site  wastes  generated  during  drilling,  completion,  and 
testing  operations. 

There  is  generally  one  reserve  pit  per  well.    In  1985,  an  estimated 
70,000  reserve  pits  were  constructed.    In  the  past,  reserve  pits  were 
used  both  to  remove  and  dispose  of  drilled  solids  and  cuttings  and  to 
store  the  active  mud  system  prior  to  its  being  recycled  to  the.  well  being 
drilled.    As  more  advanced  solids  control  and  drilling  fluid  technology 
has  become  available,  mud  tanks  have  begun  to  replace  the  reserve  pit  as 
the  storage  and  processing  area  for  the  active  mud  system,  with  the 
reserve  pit  being  used  to  dispose  of  waste  mud  and  cuttings.  Reserve 
pits  will,  however,  continue  to  be  the  principal  method  of  drilling  fluid 
storage  and  management. 

A  reserve  pit  is  typically  excavated  directly  adjacent  to  the  site  of 
the  rig  and  associated  drilling  equipment.  Pits  should  be  excavated  from 
undisturbed,  stable  subsoil  so  as  to  avoid  pit  wall  failure.  Where  it  is 
impossible  to  excavate  below  ground  level,  the  pit  berm  (wall)  is  usually 
constructed  as  an  earthen  dam  that  prevents  runoff  of  liquid  into 
adjacent  areas. 


3  Closed  systems,  which  do  not  involve  reserve  pits,  are  used  very  occasionally  (see 
discussion  below).    However,  closed  systems  are  widely  used  in  California. 
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In  addition  to  the  components  found  in  drilling  mud,  common 
constituents  found  in  reserve  pits  include  salts,  oil  and  grease,  and 
dissolved  and/or  suspended  heavy  metals.    Sources  of  soluble  salt 
contamination  include  formation  waters,  downhole  salt  layers,  and 
drilling  fluid  additives.    Sources  of  organic  contamination  include 
lubricating  oil  from  equipment  leaks,  well  pressure  control  equipment 
testing,  heavy  oil -based  lubricants  used  to  free  stuck  drill  pipe,  and, 
in  some  cases,  oil -based  muds  used  to  drill  and  complete  the  target 
formation.4    Sources  of  potential  heavy  metal  contamination 
include  drilling  fluid  additives,  drilled  solids,  weighting  materials, 
pipe  dope,  and  spilled  chemicals  (Rafferty  1985). 

The  reserve  pit  itself  can  be  used  for  final  disposal  of  all  or  part 
of  the  drilling  wastes,  with  or  without  prior  onsite  treatment  of  wastes, 
or  for  temporary  storage  prior  to  offsite  disposal.    Reserve  pits  are 
most  often  used  in  combination  with  some  other  disposal  techniques,  the 
selection  of  which  depends  on  waste  type,  geographical  location  of  the 
site.,  climate,  regulatory  requirements,  and  (if  appropriate)  lease 
agreements  with  the  landowner. 

The  major  onsite  waste  disposal  methods  include: 
•    Evaporation  of  supernatant; 

.    Backfilling  of  the  pit  itself,  burying  the  pit  solids  and 

drilled  cuttings  by  using  the  pit  walls  as  a  source  of  material 
(the  most  common  technique); 

.    Landspreading  all  or  part  of  the  pit  contents  onto  the  area 
immediately  adjacent  to  the  pit; 


4    Charles  A.  Koch  of  the  North  Dakota  Industrial  Coma  iss Son.  Oil  and  Gas  Division,  states 
that  "A  company  would  not  normally  change  the  entire  drilling  fluid  for  just  the  target  zone.  This 
change  would  add  drastically  to  the  cost  of  drilling." 
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•  Onsite  treatment  and  discharge; 

♦  Injecting  or  pumping  all  or  part  of  the  wastes  into  the  well 
annul  us;  and 

o    Discharge'  to  surface  waters. 

Another  less  common  onsite  management  method  is  chemical 
solidification  of  the  wastes. 

Dewatering  and  burial  of  reserve  pit  contents  (or,  alternatively, 
landspreading  the  pit  contents)  are  discussed  here  because  they  are 
usually  an  integral  aspect  of  the  design  and  operation  of  a  reserve  pit. 
The  other  techniques  are  discussed  separately. 

Dewatering  of  reserve  pit  wastes  is  usually  accomplished  through 
natural  evaporation  or  skimming  of  pit  liquids.    Evaporation  is  used 
where  climate  permits.    The  benefits  of  evaporation  may  be  overstated. 
In  the  arid  climate  of  Utah,  93  percent  of  produced  waters  in  an  unlined 
pit  percolated  into  the  surrounding  soil.    Only  7  percent  of  the  produced 
water  evaporated  (Davani  et  al .  1985).    Alternatively,  dewatering  can  be 
accomplished  in  areas  of  net  precipitation  by  siphoning  or  pumping  off 
free  liquids.    This  is  followed  by  disposal  of  the  liquids  by  subsurface 
injection  or  by  trucking  them  offsite  to  a  disposal  facility. 
Backfilling  consists  of  burying  the  residual  pit  contents  by  pushing  in 
the  berms  or  pit  walls,  followed  by  compaction  and  leveling. 
Landspreading  can  involve  spreading  the  excess  muds  that  are  squeezed  out 
during  the  burial  operation  on  surrounding  soils;  where  waste  quantities 
are  large,  landowners'  permission  is  generally  sought  to  disperse  this 
material  on  land  adjacent  to  the  site,  (This  operation  is  different  from 
commercial  1 andfarming,  which  is  discussed  later.} 
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Environmental  Performance 


Construction  of  reserve  pits  is  technically  simple  and 
straightforward.    They  do  not  require  intensive  maintenance  to  ensure 
proper  function,  but  they  may,  in  certain  circumstances,  pose 
environmental  hazards  during  their  operational  phase. 

Pits  are  generally  built  or  excavated  into  the  surface  soil  zones  or 
into  unconsolidated  sediments,  both  of  which  are  commonly  highly 
permeable.    The  pits  are  generally  unlined,5  and,  as  a  result, 
seepage  of  liquid  and  dissolved  solids  may  occur  through  the  pit  sides 
and  bottom  into  any  shallow,  unconfined  freshwater  aquifers  that  may  be 
present.    When  pits  are  lined,  materials  used  include  plastic  liners, 
compacted  soil,  or  clay.    Because  reserve  pits  are  used  for  temporary 
storage  of  drilling  mud,  any  seepage  of  pit  contents  to  ground  water  may 
be  temporary,  but  it  can  in  some  cases  be  significant,  continuing  for 
decades  (USEPA  1986}. 

Other  routes  of  environmental  exposure  associated  with  reserve  pits 
include  rupture  of  pit  berms  and  overflow  of  pit  contents,  with 
consequent  discharge  to  land  or  surface  water.    This  can  happen  in  areas 
of  high  rainfall  or  where  soil  used  for  berm  construction  is  particularly 
unconsolidated.    In  such  situations,  berms  can  become  saturated  and 
weakened,  increasing  the  potential  for  failure.    Leaching  of  pollutants 
after  pit  closure  can  also  occur  and  may  be  a  long-term  problem 
especially  in  areas  with  highly  permeable  soils. 


5   An  API  study  suggests  that  37  percent  of  reserve  pits  are  lined  with  a  clay  or  synthetic 

1  iner  . 
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Annular  Disposal  of  Pumpable  Drilling  Wastes 

Description 

Annular  disposal  involves  the  pumping  of  waste  drilling  fluids  down 
the  annulus  created  between  the  surface  and  intermediate  casing  of  a  well 
(see  Figure  III-l).    (Disposal  of  solids  is  accomplished  by  using  burial, 
solidification,  landfarming,  or  landspreading  techniques.)    Disposal  down 
the  surface  casing  in  the  absence  of  an  intermediate  casing  is  also 
considered  annular  disposal.    Annular  disposal  of  pumpable  drilling 
wastes  is  significantly  more  costly  than  evaporation,  dewatering,  or  land 
application  and  is  generally  used  when  the  waste  drilling  fluid  contains 
an  objectionable  level  of  a  contaminant  or  contaminants  (such  as 
chlorides,  metals,  oil  and  grease,  or  acid)  which,  in  turn,  limits 
availability  of  conventional  dewatering  or  land  application  of  drilling 
wastes.    However,  for  disposal  in  a  "dry"  hole,  costs  may  be  relatively 
low.    No  statistics  are  available  on  how  frequently  annular  injection  of 
drilling  wastes  is  used. 

Environmental  Performance 

The  well's  surface  casing  is  intended  to  protect  fresh  ground-water 
zones  during  drilling  and  after  annular  injection.    To  avoid  adverse 
impacts  on  ground  water  in  the  vicinity  of  the  well  after  annular 
injection,  it  is  important  that  surface  casing  be  sound  and  properly 
cemented  in  place.    There  is  no  feasible  way  to  test  the  surface  casing 
for  integrity  without  incurring  significant  expense. 

Assuming  the  annulus  is  open  and  the  surface  casing  has  integrity, 
the  critical  implementation  factor  is  the  pressure  at  which  the  reserve 
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pit  contents  are  injected.    The  receiving  strata  are  usually  relatively 
shallow,  permeable  formations  having  low  fracture  pressures.    If  these 
pressures  are  exceeded  during  annular  injection,  the  strata  may  develop 
vertical  fractures,  potentially  allowing  migration  of  drilling  waste  into 
freshwater  zones. 

Another  important  aspect  of  annular  injection  is  identification  and 
characterization  of  the  confining  shale  layer  above  the  receiving 
formation.    Shallow  confining  layers  are,  very  often,  discontinuous.  Any 
unidentified  discontinuity  close  to  the  borehole  increases  the  potential 
for  migration  of  drilling  wastes  into  ground  water. 

Drilling  Waste  Solidification 

Descri  ption 

Surface  problems  with  onsite  burial  of  reserve  pit  contents  reported 
by  landowners  (such  as  reduced  load-bearing  capacity  of  the  ground  over 
the  pit  site  and  the  formation  of  wet  spots),  as  well  as  environmental 
problems  caused  by  leaching  of  salts  and  toxic  constituents  into  ground 
water,  have  prompted  increased  interest  in  reserve  pit  waste 
sol idification. 

In  the  solidification  process,  the  total  reserve  pit  waste  (fluids 
and  cuttings)  is  combined  with  solidification  agents  such  as  commercial 
cement,  flash,  or  lime  kiln  dust.    This  process  forms  a  relatively 
insoluble  concrete-like  matrix,  reducing  the  overall  moisture  content  of 
the  mixture.    The  end  product  is  more  stable  and  easier  to  handle  than 
reserve  pit  wastes  buried  in  the  conventional  manner..   The  solidification 
process  can  involve  injecting  the  solidifying  agents  into  the  reserve  pit 
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or  pumping  the  wastes  into  a  mixing  chamber  near  the  pit.    The  waste  does 
not  have  to  be  dewatered  prior  to  treatment.    Solidification  can  increase 
the  weight  and  bulk  of  the  treated  waste,  which  may  in  some  cases  be  a 
disadvantage  of  this  method. 

Environmental  Performance 

Solidification  of  reserve  pit  wastes  offers  a  variety  of 
environmental  improvements  over  simple  burial  of  wastes,  with  or  without 
dewatering.    By  reducing  the  mobility  of  potentially  hazardous  materials, 
such  as  heavy  metals,  the  process  decreases  the  potential  for 
contamination  of  ground  water  from  leachate  of  unsol idified,  buried 
reserve  pit  wastes.    Bottom  sludges,  in  which  heavy  metals  largely 
accumulate,  may  continue  to  leach  into  ground  water.    (There  are  no  data 
to  establish  whether  the  use  of  kiln  dust  would  add  harmful  constituents 
to  reserve  pit  waste.    Addition  of  kiln  dust  would  increase  the  volume  of 
waste  to  be  managed.) 

Treatment  and  Discharge  of  Liquid  Wastes  to  Land  or  Surface  Water 

Description 

Discharge  of  waste  drilling  fluid  to  surface  water  is  prohibited  by 
EPA's  zero  discharge  effluent  guideline.    However,  in  the  Gulf  Coast 
area,  the  liquid  phase  of  waste  drilling  muds  having  low  chloride 
concentrations  is  chemically  treated  for  discharge  to  surface  water.  The 
treated  aqueous  phase  (at  an  appropriate  alkaline  pH)  can  then  be 
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discharged  to  land  or  surface  water  bodies.6   The  addition  of 
selected  reagents  to  reserve  pit  liquids  must  achieve  the  necessary 
reactions  to  allow  effective  separation  of  the  suspended  solids  prior  to 
*    dewatering  of  the  sludge  in  the  reserve  pit. 

Onsite  treatment  methods  used  prior  to  discharge  are  commercially 
available  for  reserve  pit  fluids  as  well  as  for  solids.    They  are 
typically  provided  by  mobile  equipment  .brought  to  the  drill  site.  These 
methods  include  pH  adjustment,  aeration,  coagulation  and  flocculation, 
centrifugation,  filtration,  dissolved  gas  flotation,  and  reverse 
osmosis.    All  these  methods,  however,  are  more  expensive  than  the  more 
common  approach  of  dewatering  through  evaporation  and  percolation. 
Usually,  a  treatment  company  employs  a  combination  of  these  methods  to 
treat  the  sludge  and  aqueous  phases  of  reserve  pit  wastes. 

Fnvironmental  Performance 

Treatment  and  discharge  of  liquid  wastes  are  used  primarily,  to 
shorten  the  time  necessary  to  close  a  pit. 

Closed  Cycle  Systems 

Description 

A  closed  cycle  waste  treatment  system  can  be  an  alternative  to  the 
use  of  a  reserve  pit  for  onsite  management  and  disposal  of  drilling 


6     David  Flannery  states  that  his  interpretation  of  EPA's  effluent  guidelines  would 
preclude  such  a  discharge.    "On  July  4,  1987,  a  petition  was  filed  with  EPA  to  revise  the  effluent 
guideline.    If  that  petition  is  granted,  stream  discharges  of  drilling  fluid  and  produced  fluids 
would  be  allowed  at  least  from  operations  in  the  Appalachian  States." 
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wastes.    Essentially  an  adaptation  of  offshore  systems  for  onshore  use, 
closed  systems  have  come  into  use  relatively  recently.    Because  of  their 
high  cost,  they  are  used  very  rarely,  usually  only  when  operations  are 
located  at  extremely  delicate  sites  (such  as  a  highly  sensitive  wildlife 
area),  in  special  development  areas  (such  as  in  the  center  of  an 
urbanized  area),  or  where  the  cost  of  land  reclamation  is  considered 
excessive.    They  can  also  be  used  where  limited  availability  of  makeup 
water  for  drilling  fluid  makes  control  of  drill  cuttings  by  dilution 
infeasible. 

Closed  cycle  systems  are  defined  as  systems  in  which  mechanical 
solids  control  equipment  (shakers,  impact  type  sediment  separation,  mud 
cleaners,  centrifuges,  etc.)  and  collection  equipment  (roll-off  boxes, 
vacuum  trucks,  barges,  etc.)  are  used  to  minimize  waste  mud  and  cutting 
volumes  to  be  disposed  of  onsite  or  offsite.    This  in  turn  maximizes  the 
volume  of  drilling  fluid  returned  to  the  active  mud  system.  Benefits 
derived  from  the  use  of  this  equipment  include  the-  following  (Hanson  et 
al.  ,  1986): 

•  A  reduction  in  the  amount  of  water  or  oil  needed  for  mud 
maintenance; 

•  An  increased  rate  of  drill  bit  penetration  because  of  better 
solids  control; 

•  Lower  mud  maintenance  costs; 

•  Reduced  waste  volumes  to  be  disposed  of;  and 

•  Reduction  in  reserve  pit  size  or  total  elimination  of  the 
reserve  pit. 

Closed  cycle  systems  range  from  very  complex  to  fairly  simple.  The 
degree  of  solids  control  used  is  based  on  the  mud  type  and/or  drilling 
program  and  the  economics  of  waste  transportation  to  offsite  disposal 
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facilities  (particularly  the  dollars  per  barrel  charges  at  these 
facilities  versus  the  cost  per  day  for  additional  solids  control 
equipment  rental).    Closed  systems  at  drill  sites  can  be  operated  to  have 
recirculation  of.  the  liquid  phase,  the  solid  phase,  or  both.    In  reality, 
there  is  no  completely  closed  system  for  solids  because  drill  cuttings 
are  always  produced  and  removed.    The  closed  system  for  solids,  or  the 
mud  recirculation  system,  can  vary  in  design  from  site  to  site,  but  the 
system  must  have  sufficient  solids  handling  equipment  to  effectively 
remove  the  cuttings  from  muds  to  be  reused. 

Water  removed  from  the  mud  and  cuttings  can  be  reused.    It  is 
possible  to  operate  a  separate  closed  system  for  water  reuse  onsite  along 
with  the  mud  recirculation  system.    As  with  mud  recirculation  systems, 
the  design  of  a  water  recirculation  system  can  vary  from  site  to  site, 
depending  on  the  quality  of  water  required  for  further  use.    This  may 
include  chemical  treatment  of  the  water. 

Environmental  Performance 

Although  closed  systems  offer  many  environmental  advantages,  their 
high  cost  seriously  reduces  their  potential  use,  and  the  mud  and  cuttings 
must  still  ultimately  be  disposed  of. 

Disposal  of  Drilling  Wastes  on  the  North  Slope  of  Alaska—A  Special 
Case 

The  North  Slope  is  an  arctic  desert  consisting  of  a  wet  coastal  plain 
underlain  by  up  to  2,500  feet  of  permafrost,  the  upper  foot  or  two  of 
which  thaws  for  about  2  months  a  year.    The  North  Slope  is  considered  to 
be  a  sensitive  area  because  of  the  extremely  short  growing  season  of  the 
tundra,  the  short  food  chain,  and  the  lack  of  species  diversity  found  in 
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this  area.    Because  of  the  area's  severe  climate,  field  practices  for 
management  of  drilling  media  and  resulting  waste  are  different  on  the 
North  Slope  of  Alaska  from  those  found  elsewhere  in  the  country.    In  the 
Arctic,  production  pads  are  constructed  above  ground  using  gravel*  This 
type  of  construction  prevents  melting  of  the  permafrost.    Reserve  pits 
are  constructed  on  the  production  pads  using  gravel  and  native  soils  for 
the  pit  walls;  they  become  a  permanent  part  of  the  production  facility. 
Pits  are  constructed  above  and  below  grade. 

Because  production-related  reserve  pits  on  the  North  Slope  are 
permanent,  the  contents  of  these  pits  must  be  disposed  of  periodically, 
This  is  done  by  pumping  the  aqueous  phase  of  a  pit  onto  the  tundra.  This 
pumping  can  take  place  after  a  pit  has  remained  inactive  for  1  year  to 
allow  for  settling  of  solids  and  freeze- concentration  of  constituents; 
the  aqueous  phase  is  testedVor  effluent  limits  for  various  constituents 
established  by  the  State  of  Alaska,    The  National  Pollutant  Discharge 
Elimination  System  (NPDES)  permit  system  does  not  cover  these 
discharges.    An  alternative  to  pumping  of  the  reserve  pit  liquids  onto 
the  tundra  is- to  Voad-spread"  the  liquid,  using  it  as  a  dust  control 
agent  on  the  gravel  roads  connecting  the  production  facilities.  Prior 
to  promulgation  of  new  State  regulations,  no  standards  other  than  "no  oil 
sheen"  were  established  for  water  used  for  dust  control,    ADEC  now 
requires  that  at  the  edge  of  the  roads,  any  leachate,  runoff,  or  dust 
must  not  cause  a  violation  of  the  State  water  quality  standards,  Alaska 
is  evaluating  the  need  for  setting*  standards  for  the  quality  of  fluids 
used  to  avoid  undesirable  impacts.    Other  North  Slope  disposal  options 
for  reserve  pit  liquids  include  disposal  of  the  reserve  pit  liquids 
through  annular  injection  or  disposal  in  Class  II  wells.    The  majority  of 
reserve  pit  liquids  are  disposed  of  through  discharge  to  the  tundra. 

Reserve  pits  on  the  North  Slope  are  closed  by  dewatering  the  pit  and 
filling  it  with  gravel.    The  solids  are  frozen  in  place  above  grade  and 
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below  grade.    Freezing  in  place  of  solid  waste  is  successful  as  long  as 
hydrocarbon  contamination  of  the  pit  contents  is  minimized.  Hydrocarbon 
residue  in  the  pit  contents  can  prevent  the  solids  from  freezing 
completely.    In  above-grade  structures  thawing  will  occur  in  the  brief 
summer.    If  the  final  waste  surface  is  below  the  active  thaw  zone,  the 
wastes  will  remain  frozen  year-round. 

Disposal  of  produced  waters  on  the  North  Slope  is  through  subsurface 
injection.    This  practice  does  not  vary  significantly  from  subsurface 
injection  of  production  wastes  in  the  Lower  48  States,  and  a  description 
of  this  practice  can  be  found  under  "Product ion -Related  Wastes"  below. 

Environmental  Performance 

Management  of  drilling  media  and  associated  waste  can  be  problematic 
in  the  Arctic.    Because  of  the  severe  climate,  the  reserve  pits 
experience  intense  freeze-thaw  cycles  that  can  break  down  the  stability 
of  the  pit  walls,  making  .them  vulnerable  to  erosion.    From  time  to  time, 
reserve  pits  on  the  North  Slope  have  breached,  spilling  untreated  liquid 
and  solid  waste  onto  the  surrounding  tundra.    Seepage  of  untreated 
reserve  pit  fluids  through  pit  walls  is  also  known  to  occur. 

Controlled  discharge  of  excess  pit  liquids  is  a  State-approved 
practice  on  the  North  Slope;  however,  the  long-term  effects  of 
discharging  large  quantities  of  liquid  reserve  pit  waste  on  this 
sensitive  environment  are  of  concern  to  EPA,  Alaska  Department  of 
Environmental  Conservation  (ADEC),  and  officials  from  other  Federal 
agencies.    The  existing  body  of  scientific  evidence  is  insufficient  to 
conclusively  demonstrate  whether  or  not  there  are  impacts  resulting  from 
this  practice. 
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OFFSITE  HASTE  MANAGEMENT  METHODS 


Off site  waste  management  methods  include  the  use  of  centralized 
disposal  pits  (centralized  injection  facilities,  either  privately  or 
commercially  operated,  will  be  discussed  under  "subsurface  injection"  of 
production  wastes),  centralized  treatment  facilities,  commercial 
landfarming,  and  reconditioning  and  reuse  of  drilling  media. 

Centralized  Disposal  Pits 

Description 

Centralized  disposal  pits  are  used  in  many  States  to  store  and 
dispose  of  reserve  pit  wastes.    In  some  cases,^  large  companies  developing 
an  extensive  oil  or  gas  field  may  operate  centralized  pits  within  the 
field  for  better  environmental  control  and  cost  considerations.  Most 
centralized  pits  are  operated  commercially,  primarily  for  the  use  of 
smaller  operators  who  cannot  afford  to  construct  properly  designed  and 
sited  disposal  pits  for  their  own  use.    They  serve  the  disposal  needs  for 
drilling  or  production  wastes  from  multiple  wells  over  a  large 
geographical  area.    Centralized  pits  are  typically  used  when  storage  and 
disposal  of  pit  wastes  onsite  are  undesirable  because  of  the  high 
chloride  content  of  the  wastes  or  because  of  some  other  factor  that 
raises  potential  problems  for  the  operators.7    Wastes  are 
generally  transported  to  centralized  disposal  pits  in  vacuum  trucks. 
These  centralized  pits  are  usually  located  within  25  miles  of  the  field 
sites  they  serve. 


7  Operators,  for  instance,  may  be  required  under  their  lease  agreements  with  landowners  not 
to  dispose  of  their  pit  wastes  onsite  because  of  the  potential  for  ground-water  contamination. 
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The  number  of  commercial  centralized  pits  in  major  oil-producing 
States  may  vary  from  a  few  dozen  to  a  few  hundred.    The  number  of 
privately  developed  centralized  pits  is  not  known. 

Technically,  a  centralized  pit  is  identical  in  basic  construction  to 
a  conventional  reserve  pit.    It  is  an  earthen  impoundment,  which  can  be 
lined  or  unlined  and  used  to  accumulate,  store,  and  dispose  of  drilling 
fluids  from  drilling  operations  within  a  certain  geographical  area. 
Centralized  pits  tend  to  be  considerably  larger  than  single-well  pits; 
surface  areas  can  be  as  large  as  15  acres,  with  depths  as  great  as  50 
feet.    Usually  no  treatment  of  the  pit  contents  is  performed.  Some 
centralized  pits  are  used  as  separation  pits,  allowing  for  solids 
settling.    The  liquid  recovered  from  this  settling  process  may  then  be 
injected  into  disposal  wells.    Many  centralized  pits  also  have  State 
requirements  for  oil  skimming  and  reclamation. 

Environmental  Performance 

Centralized  pits  are  a  storage  and  disposal  operation;  they  usually 
perform  no  treatment  of  wastes. 

Closure  of  centralized  pits  may  pose  adverse  environmental  impacts. 
In  the  past  some  pits  have  been  abandoned  without  proper  closure, 
sometimes  because  of  the  bankruptcy  of  the  original  operator.    So  far  as 
EPA  has  been  able  to  determine,  only  one  State,  Louisiana,  has  taken 
steps  to  avoid  this  eventuality;  Louisiana  requires  operators  to  post  a 
bond  or  irrevocable  letter  of  credit  (based  on  closing  costs  estimated  in 
the  facility  plan)  and  have  at  least  $1  million  of  liability  insurance  to 
cover  operations  of  open  pits. 
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Centralized  Treatment  Facilities 

Descri  ption 

A  centralized  treatment  facility  for  oil  and  gas  drilling  wastes  is  a 
process  facility  that  accepts  such  wastes  solely  for  the  purpose  of 
conditioning  and  treating  wastes  to  allow  for  discharge  or  final 
disposal.    Such  facilities  are  distinct  from  centralized  disposal  pits, 
which  do  not  treat  drilling  wastes  as  part  of  their  storage  and  disposal 
functions.    The  use  of  such  facilities  may  remove  the  burden  of  disposal 
of  wastes  from  the  operators  in  situations  where  State  regulations  have 
imposed  stringent  disposal  requirements  for  burying  reserve  pit  wastes 
onsite. 

Centralized  treatment  may  be  an  economically  viable  alternative  to 
onsite  waste  disposal  for  special  drilling  fluids,  such  as  oil-based 
muds,  which  cannot  be  disposed  of  in  a  more  conventional  manner.  The 
removal,  hauling,  and  treatment  costs  incurred  by  treatment. at  commercial 
sites  will  generally  outweigh  1  andspreading  or  onsite  burial  costs.  A 
treatment  facility  can  have  a  design  capacity  large  enough  to  accept  a 
great  quantity  of  wastes  from  many  drilling  and/or  production  facilities. 

Many  different  treatment  technologies  can  potentially  be  applied  to 
centralized  treatment  of  oil  and  gas  drilling  wastes.    The  actual  method 
used  at  the  particular  facility  would  depend  on  a  number  of  factors.  One 
of  these  factors  is  type  of  waste.    Currently,  some  facilities  are 
designed  to  treat  solids  for  pH  adjustment,  dewatering,  and 
solidification  (muds  and  cuttings),  while  others  are  designed  to  treat 
produced  waters,  completion  fluids,  and  stimulation  fluids.  Some 
facilities  can  treat  a  combination  of  wastes.    Other  factors  determining 
treatment  method  include  facility  capacity,  discharge  options  and 
requirements,  solid  waste  disposal  options,  and  other  relevant  State  or 
local  requirements. 
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Environmental  Performance 

Experience  with  centralized  treatment  is  limited.    Until  recently,  it 
was  used  only  for  treatment  of  offshore  wastes.    Its  use  in  recent  years 
for  onshore  wastes  is  commercially  speculative,  being  principally  a 
commercial  response  to  the  anticipated  impacts  of  stricter  State  rules 
pertaining  to  oil  and  gas  drilling  and  production  waste.    The  operations 
have  not  been  particularly  successful  as  business  ventures  so  far. 

Commercial  Land farming 

Description 

Landfarming  is  a  method  for  converting  reserve  pit  waste  material 
into  soil-like  material  by  bacteriological  breakdown  and  through  soil 
incorporation.    The  method  can  also  be  used  to  process  production  wastes, 
such  as  production  tank  bottoms,  emergency  pit  cleanouts,  and  scrubber 
bottoms.    Incorporation  into  soil  uses  dilution,  biodegradation,  chemical 
alteration,  and  metals  adsorption  mechanisms  of  soil  and  soil  bacteria  to 
reduce  waste  constituents  to  acceptable  soil  levels  consistent  with 
intended  land  use. 

Solid  wastes  are  distributed  over  the  land  surface  and  mixed  with 
soils  by  mechanical  means.    Frequent  turning  or  disking  of  the  soil  is 
necessary  to  ensure  uniform  biodegradation.    Waste-to-soil  ratios  are 
normally  about  1:4  in  order  to  restrict  concentrations  of  certain 
pollutants  in  the  mixture,  particularly  chlorides  and  oil  (Tucker  1985). 
Liquids  can  be  applied  to  the  land  surface  by  various  types  of  irrigation 
including  sprinkler,  flood,  and  ridge  and  furrow.    Detailed  landfarming 
design  procedures  are  discussed  in  the  literature  (Freeman  and  Deuel 
1984). 
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Landfarming  methods  have  been  applied  to  reserve  pit  wastes  in 
commercial  offsite  operations.    The  technique  provides  both  treatment  and 
final  disposition  of  salts,  oil  and  grease,  and  solids.    Landfarming  may 
eventually  produce  large  volumes  of  soil-like  material  that  must  be 
removed  from  the  area  to  allow  operations  to  continue. 

Requirements  for  later  reuse  or  disposal  of  this  material  must  be 
determined  separately. 

Environmental  Performance 

i 

Landfarming  is  generally  done  in  areas  large  enough  to  incorporate 
the  volume  of  waste  to  be  treated.    In  commercial  landfarming  operations 
where  the  volume  of  materials  treated  within  a  given  area  is  large,  steps 
must  be  taken  to  ensure  protection  of  surface  and  ground  water.    It  is 
important,  for  instance,  to  minimize  application  of  free  liquids  so  as  to 
reduce  rapid  transport  of  fluids  through  the  soils. 

The  process  is  most  suitable  for  the  treatment  of  organics, 
especially  the  lighter  fluid  fractions  that  tend  to  distribute  themselves 
quickly  into  the  soil  through  the  action  of  biodegradation.    Heavy  metals 
are  also  "treated"  in  the  sense  that  they  are  adsorbed  onto  clay 
particles  in  the  soil,  presumably  within  a  few  feet  of  where  they  are 
applied;  but  the  capacity  of  soils  to  accept  metals  is  limited  depending 
upon  clay  content.    Similarly,  the  ability  of  the  soil  to  accept 
chlorides  and  still  sustain  beneficial  use  is  also  limited. 

Some  States,  such  as  Oklahoma  and  Kansas,  prohibit  the  use  of 
commercial  landfarming  of  reserve  pit  wastes.    Other  States,  such  as 
Louisiana,  allow  reuse  of  certain  materials  treated  at  commercial 
landfarming  facilities.    Materials  determined  to  meet  certain  criteria 
after  treatment  can  be  reused  for  applications  such  as  daily  sanitary 
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landfill  covering  or  roadbed  construction.    When  reusing  landfarmed 
material,  it  is  important  that  such  material  not  adversely  affect  any 
part  of  the  food  chain. 

Reconditioning  and  Reuse  of  Drilling  Media 

Description 

Reconditioning  and  reuse  of  drilling  media  are  currently  practiced  in 
a  few  well-defined  situations.    The  first  such  situation  involves  the 
reconditioning  of  oil-based  muds.    This  is  a  universal  practice  because 
of  the  high  cost  of  oil  used  in  making  up  .this  type  of  drilling  media. 
A  second  situation  involves  the  reuse  of  reserve  pit  fluids  as  "spud" 
muds,  the  muds  used  in  drilling  the  initial  shallow  portions  of  a  well  in 
which  lightweight  muds  can  be  used.    A  third  situation  involves  the 
increased  reuse  of  drilling  fluid  at  one  well,  using  more  efficient 
solids  removal.    Less  mud  is  required  for  drilling  a  single  well  if 
efficient  solids  control  is  maintained.    Another  application  for  reuse  of 
drilling  media  is  in  the  plugging  procedure  for  well  abandonment. 
Pumpable  portions  of  the  reserve  pit  are  transported  by  vacuum  truck  to 
the  well  being  closed.    The  muds  are  placed  in  the  well  bore  to  prevent 
contamination  of  possibly  productive  strata  and  freshwater  aquifers  from 
saltwater  strata.     The  ability  to  reuse  drilling  media  economically 
varies  widely  with  the  distance  between  drilling  operations,  frequency 
and  continuity  of  the  drilling  schedule,  and  compatibility  between  muds 
and  formations  among  drill  sites. 

Environmental  Performance 

The  above  discussion  raises  the  possibility  of  minimization  of 
drilling  fluids  as  an  approach  to  limiting  any  potential  environmental 
impacts  of  drilling-related  wastes.    Experience  in  reconditioning  and 
reusing  spud  muds  and  oil -based  muds  does  not  provide  any  estimate  of 
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specific  benefits  that  might  be  associated  with  recycling  or  reuse  of 
most  conventional  drilling  muds.    Benefits  from  mud  recycling  at  the 
project  level  can  be  considerable.    From  a  national  perspective,  benefits 
are  unknown.  The  potential  for  at  least  some  increased  recycling  and 
reuse  appears  to  exist  primarily  through  more  efficient  management  of  mud 
handling  systems.    Specific  attempts  to  minimize  the  volume  of  muds  used 
are  discouraged,  at  present,  by  two  factors:  (1)  drilling  mud  systems  are 
operated  by  independent  contractors,  for  whom  sales  of  muds  are  a  primary 
source  of  income,  and  (2)  the  central  concern  of  all  parties  is 
successful  drilling  of  the  well,  resulting  in  a  general  bias  in  favor  of 
using  virgin  materials. 

In  spite  of  these  economic  disincentives,  recent  industry  studies 
suggest  that  the  benefits  derived  from  decreasing  the  volume  of  drilling 
mud  used  to  drill  a  single  well  are  significant,  resulting  in  mud  cost 
reductions  of  as  much  as  30  percent  (Amoco  1985). 

PRODUCTION-RELATED  WASTES 

Waste  Characterization 

Produced  Water 

When  oil  and  gas  are  extracted  from  hydrocarbon  reservoirs,  varying 
amounts  of  water  often  accompany  the  oil  or  gas  being  produced.    This  is 
known  as  produced  water.  Produced  water  may  originate  from  the  reservoir 
being  produced  or  from  waterflood  treatment  of  the  field  (secondary 
recovery).    The  quantity  of  water  produced  is  dependent  upon  the  method 
of  recovery,  the  nature  of  the  formation  being  produced,  and  the  length 
of  time  the  field  has  been  producing.    Generally,  the  ratio  of  produced 
water  to  oil  or  gas  increases  over  time  as  the  well  is  produced. 

Most  produced  water  is  strongly  saline.    Occasionally,  chloride 
levels,  and  levels  of  other  constituents,  may  be  low  enough  (i.e.,  less 
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than  500  ppm  chlorides)  to  allow  the  water  to  be  used  for  beneficial 
purposes  such  as  crop  irrigation  or  livestock  watering.    More  often, 
salinity  levels  are  considerably  higher,  ranging  from  a  few  thousand 
parts  per  million  to  over  150,000  ppm.    Seawater,  by  contrast,  is 
typically  about  35,000  ppm  chlorides.    Produced  water  also  tends  to 
contain  quantities  of  petroleum  hydrocarbons  (especially  lower  molecular 
weight  compounds),  higher  molecular  weight  alkanes,  polynuclear  aromatic 
hydrocarbons,  and  metals.    It  may  also  contain  residues  of  biocides  and 
other  additives  used  as  production  chemicals.  These  can  include 
coagulants,  corrosion  inhibitors,  cleaners,  dispersants,  emulsion 
breakers,  paraffin  control  agents,  reverse  emulsion  breakers,  and  scale 
inhibitors. 

Radioactive  materials,  such  as  radium,  have  been  found  in  some  oil 
field  produced  waters.    Ra-226  activity  in  filtered  and  unfiltered 
produced  waters  has  been  found  to  range  between  16  and  395 
picocuries/liter;  Ra-228  activity  may  range  from  170  to  570 
picocuries/.liter  (USEPA  1985).    The  ground-water  standard  for  the  Maximum 
Contaminant  Level  (MCL)  for  combined  Ra-226  and  Ra-228  is 
5  picocuries/liter  (40  CFR,  Part  257,  Appendix  1).    No  study  has  been 
done  to  determine  the  percentage  of  produced  water  that  contains 
radioactive  materials. 

Low-Volume  Production  Wastes 

Low-volume  production-related  wastes  include  many  of  the  chemical 
additives  discussed  above  in  relation  to  drilling  (see  Table  III-2),  as 
well  as  production  tank  bottoms  and  scrubber  bottoms. 

0ns ite  Management  Methods 

Onsite  management  methods  for  production  wastes  include  subsurface 
injection,  the  use  of  evaporation  and  percolation  pits,  discharge  of 
produced  waters  to  surface  water,  and  storage. 
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Subsurface  Injection 


Description:    Today,  subsurface  injection  is  the  primary  method  for 
disposing  of  produced  water  from  onshore  operations,  whether  for  enhanced 
oil  recovery  (EOR)  or  for  final  disposal.    Nationally,  an  estimated  80 
percent  of  all  produced  water  is  disposed  of  in  injection  wells  permitted 
under  EPA's  Underground  Injection  Control  (UIC)  program  under  the 
authority  of  the  Safe  Drinking  Water  Act.8    In  the  major 
oil-producing  States,  it  is  estimated  that  over  90  percent  of  production 
wastes  are  disposed  of  by  this  method.    Subsurface  injection  may  be  done 
at  injection  wells  onsite,  offsite,  or  at  centralized  facilities.  The 
mechanical  design  and  procedures  are  generally  the  same  in  all  cases. 

In  enhanced  recovery  projects,  produced  water  is  generally 
reinjected  into  the  same  reservoir  from  which  the  water  was  initially 
produced.    Where  injection  is  used  solely  for  disposal,  produced  water  is 
injected  into  saltwater  formations,  the  original  formation,  or  older 
depleted  producing  formations.    Certain  physical  criteria  make  a 
formation  suitable  for  disposal,  and  other  criteria  make  a  formation 
acceptable  to  regulatory  authorities  for  disposal. 

The  sequence  of  steps  by  which  waste  is  placed  in  subsurface 
formations  may  include: 

.    Separation  of  free  oil  and  grease  from  the  produced  water; 

•  Tank  storage  of  the  produced  water; 

•  Filtration; 

•  Chemical  treatment  (coagulation,  flocculation,  and  possibly  pH 
adjustment);  and,  ultimately, 

.    Injection  of  the  fluid  either  by  pumps  or  by  gravity  flow. 


6    API  states  that  80  to  90  percent  of  all  produced  water  is  injected  in  Class  11 
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By  regulation,  injection  for  the  purpose  of  disposal  must  take  place 
below  all  formations  containing  underground  sources  of  drinking  water 
(USDWs).    Figure  1 1 1 -2  displays  a  typical  disposal  well  pumping  into  a 
zone  located  below  the  freshwater  table  (Tempi eton  and  Associates  1980). 
The  type  of  well  often  preferred  by  State  regulatory  agencies  is  the  well 
specifically  drilled,  cased,  and  completed  to  accept  produced  water  and 
other  oil  and  gas  production  wastes.    Another  type  of  disposal  well  is  a 
converted  production  well,  the  more  prevalent  type  of  disposal  and 
enhanced  recovery  well.    An  injection  well's  location  and  age  and  the 
composition  of  injected  fluids  are  the  important  factors  in  determining 
the  level  of  mechanical  integrity  and  environmental  protection  the  well 
can  provide. 

Although  it  is  not  a  very  widespread  practice,  some  produced  water  is 
disposed  of  through  the  annulus  of  producing  wells.    In  this  method, 
produced  water  is  injected  through  the  annular  space  between  the 
production  casing  and  the  production  tubing  {see  Figure  1 1 1-3). 9 
Injection  occurs  using  little  or  no  pressure.    The  disposal  zone  is 
shallower  than  the  producing  zone  in  this  case.    Testing  of  annular 
disposal  wells  is  involved  and  expensive. 

One  method  of  testing  the  mechanical  integrity  of  the  casing  used  for 
annular  injection,  without  removing  the  tubing  and  packer,  is  through  the 
use  of  radioactive  tracers  and  sensing  devices.    This  method  involves  the 
pumping  of  water  spiked  with  a  low-level  radioactive  tracer  into  the 
injection  zone,  followed  by  running  a  radioactivity-sensing  logging  tool 
through  the  tubing  string.    This  procedure  should  detect  any  shallow 
casing  leaks  or  any  fluid  migration  between  the  casing  and  the  borehole. 
Host  State  regulatory  agencies  discourage  annular  injection  and  allow  the 
practice  only  in  small -volume,  low-pressure  applications. 


9  In  the  State  of  Ohio,  produced  water  is  gravity-fed  into  the  annulus  rather  than  being 
pumped . 
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PRODUCED  WATER 


•MONITOR   ANNULUS  PRESSURE 


USDW 


SURFACE  CASING 
CEMENTED  TO  SURFACE 


ANNULUS  CONTAINING 
CORROSION  INHIBITING 
PACKER  FLUID 


PRODUCTION  CASING 


TUBING  STRING 
WITH  PACKER 


PACKER 


—       =    -    -  DISPOSAL  ZONE 


SOURCE:   TEMPLETON,  ELMER  E.,     AND  ASSOCIATES,  ENVIRONMENTALLY 
ACCEPTABLE  DISPOSAL  OF  SALT  BRINES  PRODUCED  WITH  OIL 
AND  GAS,  JANUARY,  1980. 

*  UNDERGROUND  SOURCE  OF  DRINKING  WATER 
NOTE:    NOT  TO  SCALE 


Figure   Hl-2    Typical  Produced  Water  Disposal  Weil  Design 
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DISPOSAL 
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PRODUCTION  CASING 
CEMENTED  ABOVE 
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PRODUCING 
ZONE 


SOURCE:  TEMPLETON,  ELMER  E.,    AND  ASSOCIATES,  ENVIRONMENTALLY 
ACCEPTABLE  DISPOSAL  OF  SALT  BRINES  PRODUCED  WITH  OIL 
AND  GAS,  JANUARY,  1980. 

*  UNDERGROUND  SOURCE  OF  DRINKING  WATER 
NOTE:    NOT  TO  SCALE 

Figure   UI-3     Annular  Disposal  Outside  Production  Casing 
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Fnvironmental  performance:    From  the  environmental  standpoint,  the 
primary  issue  with  disposal  of  produced  waters  is  the  potential  for 
chloride  contamination  of  arable  lands  and  fresh  water.  Other 
constituents  in  produced  water  may  also  affect  the  quality  of  ground 
water.    Because  of  their  high  solubility  in  water,  there  is  no  practical 
way  to  immobilize  chlorides  chemically,  as  can  be  done  with  heavy  metals 
and  many  other  pollutants  associated  with  oil  and  gas  production. 

Injection  of  produced  water  below  all  underground  sources  of  drinking 
water  is  environmentally  beneficial  if  proper  safeguards  exist  to  ensure 
that  the  salt  water  will  reach  a  properly  chosen  disposal  horizon,  which 
is  sufficiently  isolated  from  usable  aquifers.    This  can  be  accomplished 
by  injecting  water  into  played-out  formations  or  as  part  of  a 
waterflooding  program  to  enhance  recovery  from  a  field.    Problems  to  be 
avoided  include  overpressurization  of  the  receiving  formation,  which 
could  lead  to  the  migration  of  the  injected  fluids  or  native  formation 
fluids  into  fresh  water  via  improperly  completed  or  abandoned  wells  in 
the  pressurized  area.    Another  problem  is  leaking  of  injected  fluids  into 
freshwater  zones  through  holes  in  the  tubing  and  casing. 

The  UIC  program  attempts  to  prevent  these  potential  problems.  The 
EPA  UIC  program  requires  periodic  mechanical  integrity  tests  (MITs)  to 
detect  leaks  in  casing  and  ensure  mechanical  integrity  of  the  injection 
well.    Such  testing  can  detect  performance  problems  if  it  is 
conscientiously  conducted  on  schedule.    The  Federal  regulations  require 
that  mechanical  integrity  be  tested  for  at  least  every  5  years.    If  leaks 
are  detected  or  mechanical  integrity  cannot  be  established  during  the 
testing  of  the  well,  the  response  is  generally  to  suspend  disposal 
operations  until  the  well  is  repaired  or  to  plug  and  abandon  the  well  if 
repair  proves  too  costly  or  inefficient.    The  Federal  regulations  also 
require  that  whenever  a  new  well  or  existing  disposal  well  is  permitted, 
a  one-quarter  mile  radius  around  the  well  must  be  reviewed  for  the 
presence  of  maninade  or  natural  conduits  that  could  lead  to  injected 
fluids  or  native  brines  leaving  the  injection  zone.    In  cases  where 
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improperly  plugged  or  completed  wells  are  found,  the  permit  applicant 
must  correct  the  problems  or  agree  to  limit  the  injection  pressure. 
Major  factors  influencing  well  failure  include  the  design,  construction, 
and  age  of  the  well  itself  (converted  producing  wells,  being  older,  are 
more  likely  to  fail  a  test  for  integrity  than  newly  constructed  Class  II 
injection  wells);  the  corrosivity  of  the  injected  fluid  (which  varies 
chiefly  in  chloride  content);  and  the  injection  pressure  (especially  if 
wastes  are  injected  at  pressures  above  specified  permit  limits). 

Design,  construction,  operation,  and  testing:    There  is  considerable 
variation  in  the  actual  construction  of  Class  II  wells  in  operation 
nationwide  because  many  wells  in  operation  today  were  constructed  prior 
to  enactment  of  current  programs  and  because  current  programs  themselves 
may  vary  quite  significantly.    The  legislation  authorizing  the  UIC 
program  directed  EPA  to  provide  broad  flexibility  in  its  regulations  so 
as  not  to  impede  oil  and  gas  production,  and  to  impose  only  requirements 
that  are  essential  to  the  protection  of  USDWs.    Similarly,  the  Agency  was 
required  to  approve  State  programs,  for  oil  and  gas  wells  whether  or  not 
they  met  EPA's  regulations  as  long  as  they  contained  the  minimum  required 
by  the  Statute  and  were  effective  in  protecting  USDWs.    For  these  reasons 
there  is  great  variability  in  UIC  requirements  in  both  State-run  and 
EPA- run  programs.    In  general,  requirements  for  new  injection  wells  are 
quite  extensive.    Not  every  State,  however,  has  required  the  full  use  of 
the  "best  available"  technology.    Furthermore,  State  requirements  have 
evolved  over  time,  and  most  injection  wells  operate  with  a  lifetime 
permit.    In  practice,  construction  ranges  from  wells  in  which  all  USDWs 
are  fully  protected  by  two  strings  of  casing  and  cementing,  injection  is 
through  a  tubing,  and  the  injection  zone  is  isolated  by  the  packer  and 
cement  in  the  wellbore  to  shallow  wells  with  one  casing  string,  no 
packer,  and  little  or  no  cement. 

With  respect  to  requirements  for  mechanical  integrity  testing  of 
injection  wells,  Federal  UIC  requirements  state  that  "an  injection  well 
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has  mechanical  integrity  if:  (1)  there  is  no  significant  leak  in  the 
casing,  tubing  or  packer;  and  (2)  there  is  no  significant  fluid  movement 
into  an  underground  source  of  drinking  water  through  vertical  channels 
adjacent  to  the  injection  well  bore."    Translation  of  these  general 
requirements  into  specific  tests  varies  across  States. 

In  addition  to  initial  pressure  testing  prior  to  operation  of 
injection  wells,  States  (including  those  that  do  not  have  primacy  under 
the  UIC  program)  also  require  monitoring  or  mechanical  integrity  tests  of 
Class  II  injection  wells  at  least  once  every  5  years.    In  lieu  of  such  a 
casing  pressure  test,  the  operator  may,  each  month,  monitor  or  record  the 
pressure  in  the  casing/tubing  annulus  during  actual  injection  and  report 
the  pressure  on  a  yearly  basis. 

To  date,  about  70  percent  of  all  Class  II  injection  wells  have  been 
tested  nationwide,  though  statistics  vary  across  EPA  Regions.    Data  on 
these  tests  available  at  the  Federal  level  are  not  highly  detailed. 
Although  Federal  legislation  lists  a  number  of  specific  monitoring 
requirements  (such  as  monitoring  of  injection  pressures,  volumes,  and 
nature  of  fluid  being  injected  and  5-year  tests  for  mechanical 
integrity),  technical  information  such  as  injection  pressure  and  waste 
characterization  is  not  reported  at  the  Federal  level.    (These  data  are 
often  kept  at  the  State  level.}    Until  recently,  Federal  data  on 
mechanical  integrity  tests  listed  only  the  number  of  wells  passing  and 
failing  within  each  State,  without  any  explanation  of  the  type  of  failure 
or  its  environmental  consequences. 

For  injection  wells  used  to  access  underground  hydrocarbon  storage 
and  enhanced  recovery,  a  well  may  be  monitored  on  a  field  or  project 
basis  rather  than  on  an  individual  well  basis  by  manifold  monitoring, 
provided  the  owner  or  operator  demonstrates  that  manifold  monitoring  is 
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comparable  to  individual  well  monitoring.    Manifold  monitoring  may  be 
used  in  cases  where  facilities  consist  of  more  than  one  injection  well 
and  operate  with  a  common  manifold.    Separate  monitoring  systems  for  each 
well  are  not  required  provided  the  owner  or  operator  demonstrates  that 
manifold  monitoring  is  comparable  to  individual  well  monitoring. 

Under  the  Federal  UIC  program,  all  ground  water  with  less  than  10,000 
mg/L  total  dissolved  solids  {TDS)  is  protected.    Casing  cemented  to  the 
surface  is  one  barrier  against  contamination  of  USDWs.    State  programs 
vary  in  their  requirements  for  casing  and  cementing.    For  example,  Texas 
requires  surface  casing  in  strata  with  less  than  3,000  ppm  TDS; 
Louisiana,  less  than  1,500  ppm  TDS;  New  Mexico,  less  than  5,000  ppm  TDS. 
However,  all  wells  must  be  designed  to  protect  USDWs  through  a 
combination  of  surface  casing,  long  string  or  intermediate  casing, 
cementing,  and  geologic  conditions. 

Proximity  to  other  wells  and  to  protected  aquifers:    When  a  new 
injection  well  is  drilled  or  an  existing  well  is  converted  for  injection, 
the  area  surrounding  the  site  must  be  inspected  to  determine  whether 
there  are  any  wells  of  record  that  may  be  unplugged  or  inadequately 
plugged  or  any  active  wells  that  were  improperly  completed.    The  radius 
of  concern  includes  that  area  within  which  underground  pressures  will  be 
increased.    All  States  have  adopted  at  least  the  minimum  Federal 
requirement  of  a  one-quarter  mile  radius  of  review;  however,  the  Agency 
is  concerned  that  problems  may  still  arise  in  instances  where 
undocumented  wells  (such  as  dry  holes)  exist  or  where  wells  of  record 
cannot  be  located. 

States  typically  request  information  on  the  permit  application  about 
the  proximity  of  the  injection  well  to  potable  aquifers  or  to  producing 
wells,  other  injection  wells,  or  abandoned  oil-  or  gas-producing  wells 
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within  a  one-quarter  mile  radius.    In  Oklahoma,  for  instance,  additional 
restrictions  are  placed  on  UIC  Class  II  wells  within  one-half  mile  of  an 
active  or  reserve  municipal  water  supply  well  unless  the  applicant  can 
"prove  by  substantial  evidence"  that  the  injection  well  will  not  pollute 
a  municipal  water  supply. 

Although  these  requirements  exist,  it  is  important  to  recognize  the 
following: 

.    Policy  on  review  of  nearby  wells  varies  widely  from  State  to 
State,  and  the  injection  well  operator  has  had  only  a  limited 
responsibility  to  identify  possible  channels  of  communication 
between  the  injection  zone  and  freshwater  zones. 

•    Many  injection  operations  predate  current  regulations  on  the 
review  of  nearby  wells  and,  because  of  "grandfather"  clauses,  are 
exempt. 

Operation  and  maintenance:    Incentives  for  compliance  with  applicable 
State  or  Federal  UIC  requirements  will  tend  to  vary  according  to  whether, 
a  well  is  used  for  enhanced  recovery  or  purely  for  waste  disposal.  Wells 
used  for  both  purposes  may  be  converted  production  wells  or  wells 
constructed  specifically  as  Class  II  wells. 

In  order  for  enhanced  recovery  to  be  successful,  it  is  essential  for 
operators  to  ensure  that  fluids  are  injected  into  a  specific  reservoir 
and  that  pressures  within  the  producing  zone  are  maintained  by  avoiding 
any  communication  between  that  zone  and  others.    Operators  therefore  have 
a  strong  economic  incentive  to  be  scrupulous  in  operating  and  maintaining 
Class  II  wells  used  for  enhanced  recovery. 

On  the  other  hand,  economic  incentives  for  careful  operation  of 
disposal  wells  may  not  be  as  strong.    The  purpose  here  is  to  dispose  of 
fluids.    The  nature  of  the  receiving  zone  itself,  although  regulated  by 
State  or  Federal  rules,  is  not  of  fundamental  importance  to  the  well 
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operator  as  long  as  the  receiving  formation  is  able  to  accept  injected 
fluids.  Wells  used  for  disposal  are  often  older,  converted  production 
wells  and  may  be  subject  to  more  frequent  failures. 

Fvaooration  and  Percolation  Pits 

Description;    Evaporation  and  percolation  pits  (see  discussion  above 
under  "Reserve  Pits")  are  also  used  for  produced  water  disposal.  An 
evaporation  pit  is  defined  as  a  surface  impoundment  that  is  lined  by  a 
clay  or  synthetic  liner.    An  evaporation/percolation  pit  is  one  that  is 
unl i  ned. 


Environmental  performance:    Evaporation  of  produced  water  can  occur 
only  under  suitable  climatic  conditions,  which  limits  the  potential  use 
of  this  practice  to  the  more  arid  producing  areas  within  the  States. 
Percolation  of  produced  water  into  soil  has  been  allowed  more  often  in 
areas  where  the  ground  water  underlying  the  pit  area  is  saline  and- is  not 
suitable  for  use  as  irrigation  water,  livestock  water,  or  drinking 
water.    The'  use  of  evaporation  and  percolation  pits  has  the  potential  to 
degrade  usable  ground  water  through  seepage  of  produced  water 
constituents  into  unconfined,  freshwater  aquifers  underlying  such 
pits.10 

Discharge  of  Produced  Waters  to  Surface  Water  Bodies 

Description:    Discharge  of  produced  water  to  surface  water  bodies  is 
generally  done  under  the  NPDES  permit  program.    Under  NPDES,  discharges 
are  permitted  for  (1)  coastal  or  tidally  influenced  water, 
(2)  agricultural  and  wildlife  beneficial  use,  and  (3)  discharge  of 
produced  water  from  stripper  oil  wells  to  surface  streams.  Discharge 
under  NPDES  often  occurs  after  the  produced  water  is  treated  to  control 


10 


This  phenomenon  is  documented  in  Chapter  IV, 
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pH  and  minimize  a  variety  of  common  pollutants,  such  as  oil  and  grease, 
total  dissolved  solids,  and  sulfates.    Typical  treatment  methods  include 
simple  oil  and  grease  separation  followed  by  a  series  of  settling  and 
skimming  operations. 

Environmental  performance:    Direct  discharge  of  produced  waters  must 
meet  State  or  Federal  permit  standards.    Although  pollutants  such  as 
total  organic  carbon  are  limited  in  these  discharges,  large  volumes  of 
discharges  containing  low  levels  of  such  pollutants  may  be  damaging  to 
aquatic  communities.11 

Other  Production-Related  Pits 

Description:     A  wide  variety  of  pits  are  used  for  ancillary  storage 
and  management  of  produced  waters  and  other  production-related  wastes. 
These  can  include:12 

1  Basic  sediment  oit:    Pit  used  in  conjunction  with  a  tank  battery 
for  storage  of  basic  sediment  removed  from  a  production  vessel  or 
from  the  bottom  of  an  oil  storage  tank.    (Also  referred  to  as  a 
burn  pit . ) 

2  Brine  pit:    Pit  used  for  storage  of  brine  used  to  displace 
hydrocarbons  from  an  underground  hydrocarbon  storage  facility. 

3.  Collecting  pit:    Pit  used  for  storage  of  produced  water  prior  to 
disposal  at  a  tidal  disposal  facility,  or  pit  used  for  storage  of 
produced  water  or  other  oil  and  gas  wastes  prior  to  disposal  at  a 
disposal  well  or  fluid  injection  well.    In  some  cases,  one  pit  is 
both  a  collecting  pit  and  a  skimming  pit. 

4.  Comoletion/workover  pit:    Pit  used  for  storage  or  disposal  of 
spent  completion  fluids,  workover  fluids,  and  drilling  fluid; 
silt;  debris;  water;  brine;  oil;  scum;  paraffin;  or  other 
materials  that  have  been  cleaned  out  of  the  wellbore  of  a  well 
being  completed  or  worked  over. 


11  This  phenomenon  is  documented  in  Chapter  IV. 

12  List  adapted  from  Texas  Railroad  Comnission  Rule  8.  amended  March  5.  1984. 
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5.  Emergency  produced  water  storage  pit:    Pit  used  for  storage  of 
produced  water  for  a  limited  period  of  time.    Use  of  the  pit  is 
necessitated  by  a  temporary  shutdown  of  a  disposal  well  or  fluid 
injection  well  and/or  associated  equipment,  by  temporary  overflow 
of  produced  water  storage  tanks  on  a  producing  lease,  or  by  a 
producing  well  loading  up  with  formation  fluids  such  that  the  well 
may  die.    Emergency  produced  water  storage  pits  may  sometimes  be 
referred  to  as  emergency  pits  or  blowdown  pits. 

6.  Flare  pit:    Pit  that  contains  a  flare  and  that  is  used  for 
temporary  storage  of  liquid  hydrocarbons  that  are  sent  to  the 
flare  during  equipment  malfunction  but  are  not  burned.    A  flare 
pit  is  used  in  conjunction  with  a  gasoline  plant,  natural  gas 
processing  plant,  pressure  maintenance  or  repressurizing  plant, 
tank  battery,  or  well . 

7.  Skimming  pit:    Pit  used  for  skimming  oil  off  produced  water  prior 
to  disposal  of  produced  water  at  a  tidal  disposal  facility, 
disposal  well,  or  fluid  injection  well. 

8.  Washout  pit:    Pit  located  at  truck  yard,  tank  yard,  or  disposal 
facility  for  storage  or  disposal  of  oil  and  gas  waste  residue 
washed  out  of  trucks,  mobile  tanks,  or  skid-mounted  tanks. 

The  Wyoming  Oil  and  Gas  Conservation  Commission  would  add  pits 
that  retain  fluids  for  disposal  by  evaporation  such  as  pits  used 
for  gas  wells  or  pits  used  for  dehydration  facilities. 

Environmental  performance:    All  of  these  pits  may  cause  adverse 
environmental  impact  if  their  contents  leach,  if  they  are  improperly 
closed  or  abandoned,  or  if  they  are  used  for  improper  purposes.  Although 
they  are  necessary  and  useful  parts  of  the  production  process,  they  are 
subject  to  potential  abuse.    An  example  would  be  the  use  of  an  emergency 
pit  for  disposal  (through  percolation  or  evaporation)  of  produced  water. 


Offsite  Management  Methods 


Road  or  Land  Applications 


Description:  Untreated  produced  water  is  sometimes  disposed  of  by 
application  to  roads  as  a  deicing  agent  or  for  dust  control. 


13  The  Alaska  Department  of  Environmental  Conservation  questions  whether  pits  described  in 
Items  1.  6,  and  8  should  be  exempt  under  RCRA. 
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Environmental  performance:    Road  or  land  application  of  produced 
waters  may  cause  contamination  of  ground  water  through  leaching  of 
produced  water  constituents  to  unconfined  freshwater  aquifers.  Many' 
States  do  not  allow  road  or  land  application  of  produced  waters. 

Well  Plugging  and  Abandonment 

There  are  an  estimated  1,200,000  abandoned  oil  or  gas  wells  in  the 
United  States. 

To  avoid  degradation  of  ground  water  and  surface  water,  it  is  vital 
that  abandoned  wells  be  properly  plugged.    Plugging  involves  the 
placement  of  cement  over  portions  of  a  well  bore  to  permanently  block  or 
seal  formations  containing  hydrocarbons  or  high-chloride  waters  (native 
brines).    Lack  of  plugging  or  improper  plugging  of  a  well  may  allow 
native  brines  or  injected  wastes  to  migrate  to  freshwater  aquifers  or  to 
come  to  the  surface  through  the  well  bore.    The  potential  for  this  is 
highest  where  brines  originate  from  a  naturally  pressurized  formation 
such  as  the  Coleman  Junction  formation  found  in  West  Texas.    Figure  I1I-4 
illustrates  the  potential  for  freshwater  contamination  created  by 
abandoned  wells  (Illinois  EPA  1978). 

Environmental  Performance 

Proper  well  plugging  is  essential  for  protection  of  ground  water  and 
surface  water  in  all  oil  and  gas  production  areas. 
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CHAPTER  IV 


DAMAGE  CASES 


INTRODUCTION 


Purpose  of  the  Damage  Case  Review 


The  damage  case  study  effort  conducted  for  this  report  had  two 
principal  objectives: 


To  Respond  to  the  Requirements  of  Section  B002fmHC) 

The  primary  objective  was  to  respond  to  the  requirements  of  Section 
8002(m)  of  RCRA,  which  require  EPA  to  identify  documented  cases  that 
prove  or  have  caused  danger  to  human  health  and  the  environment  from 
surface  runoff  or  leachate.    In  interpreting  this  passage,  EPA  has 
emphasized  the  importance  of  strict  documentation  of  cases  by 
establishing  a  test  of  proof  {discussed  below)  that  all  cases  were 
required  to  pass  before  they  could  be  included  in  this  report.  In 
addition,  EPA  has  emphasized  development  of  recent  cases  that  illustrate 
damages  created  by  current  practices  under  current  State  regulations. 
This  has  been  complicated  in  some  instances  by  recent  revisions  to 
regulatory  requirements  in  some  States.    The  majority  of  cases  presented 
in  this  chapter  (58  out  of  61)  occurred  during  the  last  5  years. 
Historical  damages  that  occurred  under  prior  engineering  practices  or 
under  previous  regulatory  regimes  have  been  excluded  unless  such 
historical  damages  illustrate  health  or  environmental  problems  that  the 
Agency  believes  should  be  brought  to  the  attention  of  Congress 
now.1    The  overall  objective  is  to  present  documented  cases  that 
show  reasonably  clear  links  of  cause  and  effect  between  waste  management 
practices  and  resulting  damages,  arid  to  identify  cases  where  damages  have 
been  most  significant  in  terms  of  human  health  or  environmental  impacts. 


1    The  primary  example  of  this  is  the  problem  of  abandoned  wells,  discussed  at  length  under 
Miscellaneous  Issues  below.    The  abandoned  well  problem  results  for  the  most  part  from  inadequate 
past  plugging  practices.    Although  plugging  practices  have  since  been  improved  under  State 
regulations,  associated  damages  to  health  and  the  environment  are  continuing. 


To  Provide  an  Overview  of  the  Nature  of  Damages  Associated  with  Oil  and 
Gas  Exploration,  Development,  or  Production  Activities 

In  the  course  of  accumulating  damage  cases,  EPA  has  acquired  a 
significant  amount  of  information  that  has  provided  helpful  insights  into 
the  nature  of  damages. 

Methodology  for  Gathering  Damage  Case  Information 

The  methodology  for  identifying,  collecting,  and  processing  damage 
cases  was  originally  presented  in  draft  form  in  the  Technical  Report 
published  on  October  31,  1986.    The  methodology,  which  differs  minimally 
from  the  draft,  is  outlined  below. 

Information  Categories 

The  damage  case  effort  attempted  to  collect  and  record  several 
categories  of  information  on  each  case.    Initially,  this  information  was 
organized  into  a  data  base  from  which  portions  of  cases  were  drawn  for 
use  in  the  final  report.    Categories  of  information  were  as.  follows: 

1.  Characterization  of  specific  damage  types:    For  each  case,  the 
environmental  medium  involved  was  determined  (ground  water, 
surface  water,  or  land),  along  with  the  type  of  incident  and 
characterization  of  damage.    Only  cases  with  documented  damage 
were  included.  Types  of  potential  health  or  environmental  damages 
of  interest  are  shown  on  Table  IV-1. 

2.  The  size  and  location  of  the  site:    Sites  were  located  by  nearest 
town  and  by  county.    Where  significant  hydrogeological  or  other 
pertinent  factors  are  known,  they  were  included;  however,  this 
type  of  information  has  been  difficult  to  gather  for  all  cases. 

3.  The  operating  status  of  the  facility  or  site:    All  pertinent 
factors  relating  to  the  site's  status  (active,  inactive,  in 
process  of  shutdown,  etc.)  have  been  noted. 
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Table  IV-1  Types  of  Damage  of  Concern  to  This  Study 


1.  Human  Health  Effects  (acute  and  chronic^  While  there  are  some  instances 
where  contamination  has  resulted  in  cases  of  acute  adverse  human  health 
effects,  such  cases  are  difficult  to  document.  Levels  of  pollution  exposure 
caused  by  oil  and  gas  operations  are  more  likely  to  be  in  ranges  associated 
with  chronic  carcinogenic  and  noncarcinogenic  effects. 

2.  Environmental  Effects:  Impairment  of  natural  ecosystems  and  habitats, 
including  contaminating  of  soils,  impairment  of  terrestrial  or  aquatic 
vegetation,  or  reduction  of  the  quality  of  surface  waters. 

3.  Effects  on  Wildlife:  Impairment  to  terrestrial  or  aquatic  fauna;  types  of 
damage  may  include  reduction  in  species'  presence  or  density,  impairment 
of  species'  health  or  reproductive  ability,  or  significant  changes  in 
ecological  relationships  among  species. 

4  Effects  on  Livestock:  Morbidity  or  mortality  of  livestock,  impairment  in  the 
marketability  of  livestock,  or  any  other  adverse  economic  or  health-based 
impact  on  livestock. 

5.  Impairment  of  Other  Natural  Resources:  Con tamination  of  any  current  or 
potential  source  of  drinking  water,  disruption  or  lasting  impairment  to 
agricultural  lands  or  commercial  crops,  impairment  of  potential  or  actual 
industrial  use  of  land,  or  reduction  in  current  or  potential  use  of  land. 
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4.  Identification  of  the  type  and  volume  of  waste  involved:  While 
the  type  of  waste  involved  has  been  easy  to  define,  volumes  often 
have  not. 

5.  Identification  of  waste  management  practices:    For  each  incident, 
the  waste  management  practices  associated  with  the  incident  have 
been  presented. 

6.  Identification  of  anv  pertinent  regulations  affecting  the  site: 
State  regulations  in  force  across  the  oil-  and  gas-producing 
States  are  discussed  at  length  in  Appendix  A.    Since  it  would  be 
unwieldy  to  attempt  to  discuss  all  pertinent  regulations  in 
relation  to  each  site,  each  documented  case  includes  a  section  on 
Compliance  Issues  that  discusses  significant  regulatory  issues 
associated  with  each  incident  as  reported  by  sources  or 
contacts.2    In  some  cases,  interpretations  were  necessary. 

7.  Type  of  documentation  available:    All  documentation  available  for 
each  case  was  included  to  the  extent  possible.    For  a  few  cases, 
documentation  is  extensive. 

For  the  purpose  of  this  report,  the  data  base  was  condensed  and  is 
presented  in  Appendix  C. 


Sources  and  Contacts 


No  attempt  was  made  to  compile  a  complete  census  of  current  damage 
cases.    States  from  which  cases  were  drawn  are  listed  on  Table  IV-2.  As 
evident  from  the  table,  resources  did  not  permit  gathering  of  cases  from 
all  States. 


Within  each  of  the  States,  every  effort  was  made  to  contact  all 
available  source  categories  listed  in  the  Technical  Report  (see  Table 
IV-3).    Because  time  was  extremely  limited,  the  effort  relied  principally 
on  information  available  through  relevant  State  and  local  agencies  and 


All  discussions  have  been  reviewed  by  State  officials  and  by  any  other  sources  or 
contacts  who  provided  information  on  a  case. 
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Table  IV-2   States  From  Which  Case  Information  Was 

Assembled 

L  Alaska 

2.  Arkansas 

3+  California 

4.  Colorado 

5.  Kansas 

6.  Louisiana 

7 .  Michigan 

8 .  New  Mexico 

9.  Ohio 

10,  Oklahoma 

1L  Pennsylvania 

12,  Texas 

13,  West  Virginia 

14,  Wyoming 
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Table  IV*3  Sources  of  Information 
Used  in  Developing  Damage  Cases 

1.  Relevant  State  or  Local  Agencies: 
including  State  environmental  agencies; 
oil  and  gas  regulatory  agencies;  State, 
regional,  or  local  departments  of  health; 
and  other  agencies  potentially 
knowledgeable  about  damages  related  to 
oil  and  gas  operations, 

2.  EPA  Regional  Offices 

3.  Bureau  of  Land  Management 

4.  Forest  Service 

5.  Geological  Survey 

6.  Professional  or  trade  associations 

7.  Public  interest  or  citizens'  groups 

8.  Attorneys  engaged  in  litigation 
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on  contacts  provided  through  public  interest  or  citizens'  groups.  In 
some  instances,  cases  were  developed  through  contacts  with  private 
attorneys  directly  engaged  in  litigation.    Because  these  nongovernmental 
sources  often  provided  information  on  incidents  of  which  State  agencies 
were  unaware,  such  cases  were  sometimes  undocumented  at  the  State  level. 
State  agencies  were,  however,  provided  with  review  drafts  of  case 
write-ups.    They,  in  turn,    provided  extensive  additional  information  and 
comments . 

Case  Study  Development 

Virtually  all  of  the  data  used  here  were  gathered  through  direct 
contacts  with  agencies  and  individuals,  or  through  followup  to  those 
contacts,  rather  than  through  secondary  references.    For  each  State, 
researchers  first  contacted  all  State  agencies  that  play  a  significant 
role  in  the  regulation  of  oil  or  gas  operations  and  set  up  appointments 
for  field  visits.    At  the  same  time,  contacts  and  appointments  were  made 
where  possible  with  local  citizens'  groups  and  private  attorneys  in  each 
State.    Visits  were  made  in  the  period  between  December  1986  and  February 
1987.    During  that  time,  researchers  gathered  actual  documentation  and 
made  as  many  additional  contacts  as  possible. 

Test  of  Proof 

All  cases  were  classified  according  to  whether  they  met  one  or  more 
formal  tests  of  proof,  a  classification  that  was  to  some  extent 
judgmental.    Three  tests  were  used,  and  cases  were  considered  to  meet  the 
documentation  standards  of  8002(m)(C)  if  they  met  one  or  more  of  them. 
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The  tests  were  as  follows: 

1.  Scientific  investigation:    A  case  could  meet  documentation 
standards  if  damages  were  found  to  exist  as  part  of  the  findings 
of  a  scientific  study.    Such  studies  could  be  extensive  formal 
investigations  supporting  litigation  or  a  State  enforcement 
action,  or  they  could,  in  some  instances,  be  the  results  of 
technical  tests  (such  as  monitoring  of  wells)  if  such  tests 

(a)  were  conducted  with  State-approved  quality  control  procedures, 
and  (b)  revealed  contamination  levels  in  excess  of  an  applicable 
State  or  Federal  standard  or  guideline  (such  as  a  drinking  water 
standard  or  water  quality  criterion). 

2.  Administrative  rul ing :    A  case  could  meet  documentation  standards 
if  damages  were  found  to  exist  through  a  formal  administrative 
finding,  such  as  the  conclusions  of  a  site  report  by  a  field 
investigator,  or  through  existence  of  an  enforcement  action  that 
cited  specific  health  or  environmental  damages. 

3.  Court  decision:  The  third  way  in  which  a  case  could  be  accepted 
was  if  damages  were  found  to  exist  through  the  ruling  of  a  court 
or  through  an  out-of-court  settlement. 

EPA  considered  the  possibility  of  basing  its  damage  case  review 
solely  on  cases  that  have  been  tried  in  court  and  for  which  damage 
determinations  have  been  made  by  jury  or  judicial  decision.  This 
approach  was  rejected  for  a  variety  of  reasons.    First  and  most 
important,  EPA  wanted  wherever  possible  to  base  its  damage  case  work  on 
scientific  evidence  and  on  evidence  developed  by  States  as  part  of  their 
own  regulatory  control  programs.    Since  States  are  the  most  important 
entity  in  controlling  the  environmental  impacts  of  this  industry,  the 
administrative  damage  determinations  they  make  are  of  the  utmost  concern 
to  EPA.    Second,  comparatively  few  cases  are  litigated,  and  many 
litigated  cases,  perhaps  a  majority;  are  settled  out  of  court  and  their 
records  sealed  through  agreements  between  plaintiffs  and  defendants. 
Third,  as  data  collected  for  this  report  indicate,  many  litigated  cases 
are  major  cases  in  which  the  plaintiff  may  be  a  corporation  or  a 
comparatively  wealthy  landowner  with  the  resources  necessary  to  develop 
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the  detailed  evidence  necessary  to  successfully  litigate  a  private  suit 
(see  damage  case  LA  65  on  pages  IV-78  and  IV-79).    Private  citizens 
rarely  bring  cases  to  court  because  court  cases  are  expensive  to  conduct, 
and  most  of  these  cases  are  settled  out  of  court. 

Review  by  State  Groups  and  Other  Sources 

All  agencies,  groups,  and  individuals  who  provided  documentation  or 
who  have  jurisdiction  over  the  sites  in  any  specific  State  were  sent 
draft  copies  of  the  damage  cases.     Because  of  the  tight  schedule  for 
development  of  the  report,  there  was  limited  time  available  for  damage 
case  review.    Their  comments  were  incorporated  to  the  extent  possible; 
EPA  determined  which  comments  should  be  included. 

Limitations  of  the  Methodology  and  Its  Results 

Schedule  for  Collection  of  Damage  Case  Information 

• 

The  time  period  over  which  the  damage  case  study  work  occurred  was 
short,  covering  portions  of  three  consecutive  months.    In  addition,  much 
of  the  field  research  was  arranged  or  conducted  over  the  December 
1986-January  1987  holiday  period,  when  it  was  often  difficult  to  make 
contacts  with  State  agency  representatives  or  private  groups.    To  the 
extent  that  resources  permitted,  followup  visits  were  made  to  fill  gaps. 
Nevertheless,  coverage  of  some  States  had  to  be  omitted  entirely,  and 
coverage  in  others  (particularly  Oklahoma)  was  limited. 

Limited  Number  of  Oil-  and  Gas-Producing  States  in  Analysis 

Of  the  States  originally  intended  to  be  covered  as  discussed  in  the 
Technical  Reoort.  several  were  omitted  from  coverage;  however,  States 
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visited  account  for  a  significant  percentage  of  U.S.  oil  and  gas 
production  (see  Table  IV- 2) . 

Difficulty  in  Obtaining  a  Representative  Sample 

In  general,  case  studies  are  used  to  gain  familiarity  with  ranges  of 
issues  involved  in  a  particular  study  topic,  not  to  provide  a  statistical 
representation  of  damages.    Therefore,  although  every  attempt  was  made  to 
produce  representative  cases  of  damages  associated  with  oil  and  gas 
operations,  this  study  does  not  assert  that  its  cases  are  a  statistically 
representative  record  of  damages  in  each  State.     Even  if  an  attempt  had 
been  made  to  create  a  statistically  valid  study  set,  such  as  by  randomly 
selecting  drilling  operations  for  review,  it  would  have  been  difficult 
for  a  number  of  practical  reasons. 

First,  record  keeping  varies  significantly  among  States.    A  few 
States,  such  as  Ohio,  have  unusually  complete  and  up-to-date  central 
records  of  enforcement  actions  and  complaints.    More  often,  however, 
enforcement  records  are  incomplete  and/or  distributed  throughout  regional 
offices  within  the  State.    Schedules  were  such  that  only  a  few  offices, 
usually  only  the  State's  central  offices,  were  visited  by  researchers. 
Furthermore,  their  ability  to  collect  files  at  each  office  was  limited  by 
the  time  available  on  site  (usually  1  day,  but  never  more  than  3  days) 
and  by  the  ability  of  each  State  to  spare  staff  time  to  assist  in  the 
research.    The  number  of  cases  found  at  each  office  and  the  amount  of 
material  gathered  were  influenced  strongly  by  these  constraints. 

Second,  very  often  damage  claims  against  oil  and  gas  operators  are 
settled  out  of  court,  and  information  on  known  damage  cases  has  often 
been  sealed  through  agreements  between  landowners  and  oil  companies. 
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This  is  typical  practice,  for  instance,  in  Texas.    In  some  cases,  even 
the  records  of  well -publ icized  damage  incidents  are  almost  entirely 
unavailable  for  review.    In  addition  to  concealing  the  nature  and  size  of 
any  settlement  entered  into  between  the  parties,  impoundment  curtails 
access  to  scientific  and  administrative  documentation  of  the  incident. 

A  third  general  limitation  in  locating  damage  cases  is  that  oil  and 
gas  activities  in  some  parts  of  the  country  are  in  remote,  sparsely 
populated,  and  unstudied  areas.    In  these  areas,  no  significant 
population  is  present  to  observe  or  suffer  damages,  and  access  to  sites 
is  physically  difficult.    To  systematically  document  previously 
unreported  damages  associated  with  operations  in  more  remote  areas  would 
have  required  an  extensive  original  research  project  far  beyond  the 
resources  available  to  this  study. 


Organization  of  This  Presentation 

As  noted  throughout  this  report,-  conditions  affecting  exploration, 
development,  and  production  of  oil  and  gas  vary  extensively  from  State  to. 
State,  and  by  regions  within  States.    While  it  would  be  logical  to 
discuss  damage  cases  on  a  State-by-State  basis,  the  following  discussion 
is  organized  according  to  the  zones  defined  for  other  purposes  in  this 
project.    Within  each  zone  the  report  presents  one  or  more  categories  of 
damages  that  EPA  has  selected  as  fairly  illustrative  of  practices  and 
conditions  within  that  zone,  focusing  principally  on  cases  of  damage 
associated  with  management  of  high-volume  wastes  (drilling  fluids  and 
produced  waters).    Wherever  possible,  State-specific  issues  are  discussed 
as  well . 
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At  the  end  of  this  chapter  are  a  number  of  miscellaneous  categories 
of  damage  cases  that,  although  significant  and  well -documented,  are 
associated  either  with  management  of  lower  volume  exempt  wastes  or  with 
types  of  damage  not  immediately  related  to  management  of  wastes  from 
current  field  operations.    Such  categories  include  damages  caused  by 
unplugged  or  improperly  plugged  abandoned  wells. 


NEW  ENGLAND 

The  New  England  zone  includes  Maine,  New  Hampshire,  Vermont, 
Massachusetts,  Rhode  Island,  and  Connecticut.    No  significant  oil  and  gas 
are  found  in  this  zone,  and  no  damage  cases  were  collected. 

APPALACHIA 

The  Appalachian  zone  includes  Delaware,  Kentucky,  Maryland,  New 
Jersey,  New  York,  Ohio,  Pennsylvania,  Tennessee,  Virginia,  and  West 
Virginia.    Many  of  these  States  have  minimal  oil  and  gas  production. 
Damage  cases  were  collected  from  Ohio,  West  Virginia.,  and  Pennsylvania. 

Operations 

Oil  and  gas  production  in  the  Appalachian  Basin  tends  to  be  marginal, 
and  operations  are  often  low-budget  efforts.    Funds  for  proper 
maintenance  of  production  sites  may  be  limited.    Although  the  absolute 
amount  of  oil  produced  in  the  Appalachian  zone  is  small  in  comparison 
with  the  rest  of  the  country,  the  produced  water-to-product  ratios  are 
typically  very  high  and  produced  waters  contain  high  concentrations  of 
chlorides.3 


3    David  Flannery.  on  behalf  of  various  oil  and  gas  trade  organizations,  states  that  "...in 
absolute  terms,  the  discharge  of  produced  water  from  wells  in  the  Appalachian  states  is  small. " 
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In  West  Virginia  in  1985,  1,839  new  wells  were  completed  at  an 
average  depth  of  4,270  feet..  Only  18  exploratory  wells  were  drilled  in 
that  year.    In  Pennsylvania  4,627  new  wells  were  completed  in  1985  to  an 
average  depth  2,287  feet;  59  exploratory  wells  were  drilled  in  that 
year.    Activity  in  Ohio  is  developmental  rather  than  exploratory,  with 
only  78  exploratory  wells  drilled  in  1985  out  of  a  total  of  5,297  wells 
completed.    The  average  depth  of  a  new  well  in  1985  was  3,760  feet. 

Types  of  Operators 

Oil  and  gas  production  in  the  Appalachian  Basin  is  dominated  by  small 
operators,  some  well-established,  some  new  to  the  industry.  Major 
companies  still  hold  leases  in  some  areas.    Since  most  extraction  in  this 
zone  is  economically  marginal,  many  operators  are  susceptible  to  market 
fluctuations. 

Major  Issues 

Contamination  of  Ground  Water  from  Reserve  Pits 

Damage  case  incidents  resulting  from  unlined  reserve  pits,  with 
subsequent  migration  of  contaminants  into  ground  water,  are  found  in  the 
State  of  Ohio. 

In  1982,  drilling  activities  of  an  unnamed  oil  and  gas  company  contaminated  the  well  that 
served  a  house  and  barn  owned  by  a  Mr.  Bean,  who  used  the  water  for  his  dairy  operations. 
Analysis  done  on  the  water  well  by  the  Ohio  Department  of  Agriculture  found  high  levels  of 
barium,  iron,  sodium,  and  chlorides.    (Barium  is  a  common  constituent  of  drilling  mud.)  Because 
the  barium  content  of  the  water  well  exceeded  State  standards,  Mr.  Bean  was  forced  to  shut  down 
his  dairy  operations.    Milk  produced  at  the  Bean  farm  following  contamination  of  the  water  well 
contained  0.63  mg/L  of  barium.    Concentrations  of  chlorides,  barium,  iron,  sodium,  and  other 
residues  in  the  water  well  were  above  the  U.S.  EPA's  Secondary  Drinking  Water  Standards.  Mr. 
Bean  drilled  a  new  well,  which  also  became  contaminated.    As  of  September  1984,  Mr.  Bean's  water 
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weH  was  still  showing  signs  of  contamination  from  the  drilling-related  wastes.    It  is  not 

known  whether  Mr.  Bean  was  able  to  recover  financially  from  the  disruption  of  his  dairy  business. 


(OH  49)4 


This  case  is  a  violation  of  current  Ohio  regulations  regarding 
drilling  mud  and  produced  waters. 

Illegal  Disposal  of  Oil  Field  Wastes  in  Ohio 

Illegal  disposal  of  oil  field  wastes  is  a  problem  in  Ohio,  as 
elsewhere,  but  the  State  is  making  an  aggressive  effort  to  increase 
compliance  with  State  waste  disposal  requirements  and  is  trying  to 
maintain  complete  and  up-to-date  records.    The  State  has  recently  banned 
all  saltwater  disposal  pits.    A  legislative  initiative  during  the  spring 
of  1987  attempted  to  overturn  the  ban.    The  attempt  was  unsuccessful. 

The  Miller  Sand  and  Gravel  Co.,  though  an  active  producer  of  sand  and  gravel,  has  also  served 
as  an  illegal  disposal  sue  for  oil  field  wastes.    An  investigation  by  the  Ohio  Department  of 
Natural  Resources  (DNR)  found  ihat  the  sand  and  gravel  pits  and  the  surrounding  swamp  were 
contaminated  with  oil  and  high-chlcr ide  produced  waters.    Ohio  inspectors  noted  a  flora  kill  of 
unspecified  size.    Ohio  Department  of  Health  laboratory  analysis  of  soil  and  liquid  samples  from 
the  pits  recorded  chloride  concentrations  of  269,000  mg/U    The -surrounding  swamp  chloride 
concentrations  ranged  from  303  mg/L  (upstream  from  the  pits)  to  60,000  mg/L^(area  around  the" 
pits).    This  type  of  discharge  is  prohibited  by  State  regulations.    (OH  45) 

This  discharge  was  a  violation  of  State  regulations. 


A    References  for  case  cited:    Ohio  EPA,    Division  of  Public  Water  Supply.  Northeast 
District  Office,  interoffice  communication  from  i  .  Mohr  to  M.  Hilovsky  describing  test  results  on 
Mr,  Bean's  water  well,  7/21/S6.  Letters  from  E.  Mohr,  Ohio  EPA,  to  Mr.  Bean  and  Mr.  Hart  explaining 
water  sampling  results,  10/20/82.    Letter  from  Miceb  Dairy  Products  Co.  to  E,  Mohr,  Ohio  £PA, 
explaining  test  results  from  Mr.  Bean's  milk  and  water  well.  Letters  from  E,  Mohr,  Ohio  EPA,  to  Mr. 
Bean  explaining  water  sampling  results  from  tests  completed  on  10/7/82,  2/2/83 ,  10/25/83,  6/15/84, 
8/3/84,  and  9/ 17/64.    Generalized  stratigraphic  sequence  of  the  rocks  in  the  Upper  Portion  of  the 
Grand  River  Basin. 

5    References  for  case  cited:    Ohio  EPA,  Division  of  Wastewater  Pollution  Control,  Northeast 
District  Office,  interoffice  communication  from  E .  Mohr  to  D<  Hasbrauck,  District  Chief,  concerning 
the  results  from  sampling  at  the  sand  and  gravel  site.  Ohio  Department  of  Health,  Environmental 
Sample  Submission  Reports  from  samples  taken  on  6/22/82. 
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Equity  Oil  S  Gas  Funds,  Inc.,  operates  Well  wl  on  the  Engle  Lease,  knox  County.    An  Ohio  DNR 
official  inspected  the  sue  on  April  5,  1965,    There  were  no  saltwater  storage  tanks  on  site  to 
collect  the  high-chlor ide  produced  water  that  was  being  discharged  from  a  plastic  hose  leading 
from  the  tank  battery  into  a  culvert  that,  in  turn,  emptied  into  a  creek.    The  inspector  took 
photos  and  samples.    Both  produced  water  and  oU  and  grease  levels  were  of  sufficient  magnitude 
to  cause  damage  to  flora  and  fauna,  according  to  the  notice  of  violation  filed  by  the  State, 
The  inspector  noted  that  a  large  area  of  land  along  the  culvert  had  been  contaminated  with  oil 
and  produced  water.    The  suspension  order  indicated  that  the  "\  , .violations  present  an  imninent 
danger  to  public  health  and  safety  and  are  likely  to  result  in  immediate  and  substantial  damage 
to  natural  resources."    The  operator  was  required  by  the  State  to  "...restore  the  disturbed  land 
surface  and  remove  the  oil  from  the  stream  in  accordance  with  Section  1 $09. 072  of  Ohio  Revised 
Statutes  "    [OH  07)6 

This  was  an  illegal  discharge  that  violated  Ohio  regulations. 
In  another  case; 


Zenith  Oil  4  Gas  Co,  operated  Well  #1  in  Hopewell  Township.    The  Ohio  DNR  issued  a  suspension 
order  to  Zenith  in  March  of  1984  after  State  inspectors  discovered  produced  water  discharges 
onto  the  surrounding  site  from  a  breech  in  a  produced  water  pit  and  pipe  leading  from  the  pit. 
A  Notice  of  Violation  had  been  issued  in  February  1964,  but  the  violations  were  still  in  effect 
in  March  1984.    A  State  inspection  of  an  adjacent  site,  also  operated  by  Zenith  Oil  &  Gas  Co., 
discovered  a  plastic  hose  extending  from  one  of  the  tank  batteries  discharging  high-chlor ide 
produced  water  into  a  breached  pit  and  onto  the  site  surface.    Another  tank  was  discharging 
produced  water  from  an  open  valve  directly  onto  the  site  surface.    State  inspectors  also 
expressed  concern  about  lead  and  mercury  contamination  from  the  discharge.    Lead  levels  m  the 
discharge  were  2,5  times  the  accepted  level  for  drinking  water,  and  mercury  levels  were  925 
times  the  acceptable  levels  for  drinking  water,  according  to  results  filed  for  the  State  by  a 
private  laboratory.      The  State  issued  a  suspension  order  stating  that  the  discharge  was 
"...causing  contamination  and  pollution..."  to  the  surface  and  subsurface  soil,  and  in  order  to 
remedy  the  problem  the  operator  would  have  to  restore  the^disturbed  land.    (Ohio  no  longer 
allows  the  use  of  produced  water  disposal  pits.)    (OH  1?) 

This  was  an  illegal  discharge  that  violated  Ohio  regulations. 


6  References  for  case  cited:  The  Columbus  Water  and  Chemical  Testing  Lab.  lab  reports. 
Ohio  Department  of  Natural  Resources,  Division  of  Oil  and  Gas,  Notice  of  Violation,  5/5/85, 

7  References  for  case  cited:    Ohio  Department  of  Natural  Resources,  Division  of  Oil  and 
Gas.  Suspension  Order  f 84-07,  3/22/84.    Muskingum  County  Complaint  Form.    Columbus  Vater  and 
Chemical  Testing  Lab  sampling  report. 
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Contamination  of  Ground  Water  from  Annular  Disposal  of  Produced  Water 

Ohio  allows  annular  disposal  of  produced  waters.    This  practice  is 
not  widely  used  elsewhere  because  of  its  potential  for  creating 
ground-water  contamination.    Produced  water  containing  high  levels  of 
chlorides  tends  to  corrode  the  single  string  of  casing  protecting  ground 
water  from  contamination  during  annular  disposal.    Such  corrosion  creates 
holes  in  a  well's  casing  that  can  allow  migration  of  produced  water  into 
ground  water.    Under  the  Federal  UIC  program,  Ohio  requires  operators  of 
annular  disposal  wells  to  conduct  radioactive  tracer  surveys  to  determine 
whether  produced  water  is  being  deposited  in  the  correct  formations. 
Tracer  surveys  are  more  expensive  than  conventional  mechanical  integrity 
tests  for  underground  injection  wells,  and  only  2  percent  of  all  tracer 
surveys  were  witnessed  by  DNR  inspectors  in  1985- 

The  Donofno  well  was  a  production  oil  well  with  an  annular  disposal  hookup  fed  by  a  lQG-bbl 
produced  water  storage  tank.    ]n  December  1975,  shortly  after  completion  of  the  well,  tests 
conducted  by  the  Columbus  Water  and  Chemical  Testing  Lab  on  the  Donofno  residential  water  well 
showed  chloride  concentrations  of  4,550  ppm.    One  month  after  the  well  contamination  was 
reported,  several  springs  on  the  Donofno  property  showed  contamination  from  high-chloride- 
produced  water  ana  oil,  according  to  Ohio  EPA  inspections.    On  January  8,  1976 ,  Ohio  EPA 
investigated  the  site  and  reported  evidence  of  oil  overflow  from  the  Donofno  well  production 
facility,  lack  of  diking  around  storage  tanks,  and  the  presence  of  several  produced  water 
storage  pits.    In  1986,  11  years  after  the  first  report  of  contamination,  a  court  order  was 
issued  to  disconnect  the  annular  disposal  lines  and  to  plug  the  well.  The  casing  recovered  from 
the  well  sho»ed  that  its  condition  ranged  from  fair  to  very  poor.    The  casing  was  covered  with 
rust  and  scale,  and  six  holes  were  found. y  (OH  36} 


8  Comments  in  the  Docket  by  David  Flannery  and  American  Petroleum  Institute  (API)  pertain 

to  OH  38.    Mr.  Flannery  states  that  "...the  water  well  involved  in  that  case  showed  contamination 
levels  which  predated  the  commencement  of  annular  disposal...."  EPA  believes  this  statement  refers 
to  bacterial  contamination  of  the  well  discovered  in  1974.    (EPA  notes  that  the  damage  case 
discusses  chloride  contamination  of  the  water  well,  not  bacterial  contamination.) 

9  References  for  case  cited;    Ohio  Department  of  Natural  Resources,  Division  of  Oil  and 

Gas,  interoffice  communication  from  K.  Sharrock  to  S.  Kell  on  the  condition  of  the  casing  removed 
from  the  Donofrio  well.      Communication  from  Attorney  General's  Office,  E.S.  Post,  discussing  court 
order  to  plug  the  Donofrio  well.    Perry  County  Common  Pleas  Court  Case  #19362.  Letter  from  R-M, 
Kimball,  Assistant  Attorney  General,  to  Scott  Kell,  Ohio  Department  of  Natural  Resources,  presenting 
case  summary  from  1974  to  1984.    Ohio  Department  of  Health  lab  sampling  reports  from  1976  to  1985, 
Columbus  Water  and  Chemical  Testing  Lab,  sampling  reports  from  12/1/75,  7/27/84,  and  6/3/84. 
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This  well  could  not  pass  the  current  criteria  for  mechanical 
integrity  under  the  UIC  program. 


An  alternative  to  annular  disposal  of  oil  field  waste  is  underground 
injection  in  Class  II  wells,  using  tubing  and  packer,  but  these  Class  II 
disposal  wells  are  significantly  more  expensive  than  annular  disposal 
operations . 

Illegal  Disposal  of  Oil  and  Gas  Waste  in  West  Virginia 

Environmental  damage  from  illegal  disposal  of  wastes  associated  with 
drilling  and  production  is  by  far  the  most  common  type  of  problem  in  West 
Virginia.    Results  of  illegal  disposal  include  fish  kills,  vegetation 
kills,  and  death  of  livestock  from  drinking  polluted  water.  Fluids 
illegally  disposed  of  include  oil,  produced  waters  of  up  to  180,000  ppm 
chlorides,  drilling  fluids,  and  fracturing  fluids  that  can  have  a  pH  of 
as  low  as  3.0  (highly  acidic). 

Illegal  disposal  in  this  State  takes  many  forms,  including  draining 

of  saltwater  holding  tanks  into  streams,  breaching  of  reserve  pits  into 

streams,  siphoning  of  pits  into  streams,  or  discharging  of  vacuum  truck 
contents  into  fields  or  streams. 

Enforcement  is  difficult  both  because  of  limited  availability  of 
State  inspection  and  enforcement  personnel  and  because  of  the  remote 
location  of  many  drill  sites  (see  Table  VII-7).    Many  illegal  disposal 
incidents  come  to  light  through  complaints  from  landowners  or  anonymous 
informers . 
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Beginning  in  1979.  Allegheny  Land  and  Mineral  Company  of  West  Virginia  operated  a  gas 
well,  *A-226,  on  the  property  of  Ray  and  Charlotte  Wil ley.    The  well  was  located  in  a 
corn  field  where  cattle  were  fed  in  winter,  and  within  1 .000  feet  of  the  Wil  ley's 
residence.    Tne  well  was  also  adjacent  to  a  stream  known  as  the  Beverlin  Fork.  Allegheny 
Land  and  Mineral  operated  another  gas  well  above  the  residence  known  as  the  rfA-306,  also 
located  on  property  owned  by  the  Willeys     Allegheny  Land  and  Mineral  maintained  open 
reserve  pus  and  an  open  waste  ditch,  which  ran  into  Beverlm  Fork,    The  ditch  served  to 
dispose  of  produced  water,  oil,  dnp  gas.  detergents.  ^^^rmg^fJu|oXr  and  waste 
production  chemicals.    Employees  of  the  company  told  thTwiTleyr that  fluids  in  the  pits 
were  safe  for  their  livestock  to  drink. 

The  Willeys  alleged  that  their  cattle  drank  the  fluid  in  the  reserve  pit  and  became 
poisoned,  causing  abortions,  birth  defects,  weight  loss,  contaminated  milk,  and  death. 
Hogs  were  also  allegedly  poisoned,  resulting  in  infertility  and  pig  still-births, 
according  to  the  complaint  filed  in  the  circuit  court  of  Doddridge  County,  by  the 
Willeys,  against  Allegheny  Land  and  Mineral.    The  Willeys  claimed  that  the  soil  on  the 
farm  was  contaminated,  causing  a  decrease  in  crop  production  and  quality;  that  the  ground 
water  of  the  farm  was  contaminated,  polluting  the  water  well  from  which  they  drew  their 
domestic  water  supply;  and  that  the  value  of  their  real  estate  had  been  diminished  as  a 
result  of  these  damages.    Laboratory  tests  of  soil  and  water  from  the  property  confirmed 
this  contamination.    The  Willeys  incurred  laboratory  expenses  in  having  testing  done  on 
livestock,  soil,  and  water.    A  judgment  filed  in  the  circuit  court  of  Doddridge  County 
was  entered  in  L9&3  wherein  the  Willeys  were  awarded  a  cash  settlement  in  court  for  a 
total  of  139,000  plus  interest  and  costs.10     (WV  16)1* 

This  practice  would  violate  current  West  Virginia  regulations,  . 

On  February  23,  1983,  Tom  Ancona .  a  fur  trapper,  filed  a  complaint  concerning  a  fish 
kill  on  St illwell  Creek.    A  second  complaint  was  also  filed  anonymously  by  an  employee  of 
Marietta  Royalty  Co.    Ancona,  accompanied  by  a  State  fisheries  biologist,  followed  a 
trail  consisting  of  dead  fish,  frogs,  and  salamanders  up  to  a  drill  site  operated  by 
Marietta  Royalty  Co,,  according  to  the  complaint  filed  with  the  West  Virginia  DNR.  There 
they  found  a  syphon  hose  draining  the  drilling  waste  pit  into  a  tributary  of  St illwell 
Creek,    Acid  levels  at  the  pit  measured  a  prl  of  4.0,  enough  to  shock  and  kill  aquatic 
life,  according  to  West  Virginia  District  Fisheries  Biologist  Scott  Morrison.  Samples 
and  photographs  were  taken  by  the  DNR.    No,  dead  aquatic  life  was  found  above  the  sample 


10   West  Virginia  Department  of  Energy  states  that      .  .now  the  Division  does  not  allow  that 
type  of  practice,  and  would  not  let  a  landowner  subvert  the  reclamation  law.1' 

*1    References  for  case  cited:    Complaint  form  filed  in  circuit  court  of  Doddridge  County, 
West  Virginia,  iSl-c-18.    Judgment  form  filed  in  circuit  court  of  Doddridge  County,  West  Virginia. 
Water  quality  summary  of  Ray  Villey  farm.    Letter  from  D.  J.  Horvath  to  Ray  Wil ley.    Water  analysis 
done  by  Mountain  State  Environmental  Service.    Veterinary  report  on  cattle  and  hogs  of  Wil ley  farm. 
Lab  reports  from  National  Veterinary  Services  Laboratories  documenting  abnormalities  in  Wil ley 
1 lvestock 
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site.    Marietta  Royalty  Co.  was  fined  a  total  of  $1,000  plus  $30  in  court 

costs.12    (wv  20)13 

This  discharge  was  in  direct  violation  of  West  Virginia  regulations. 
Illegal  Disposal  of  Oil  Field  Waste  in  Pennsylvania 

In  Pennsylvania,  disposing  of  oil  and  gas  wastes  into  streams  prior 
to  1985  violated  the  State's  general  water  quality  criteria,  but  the 
regulations  were  rarely  enforced.    In  a  study  conducted  by  the  U.  S.  Fish 
and  Wildlife  Service,  stream  degradation  was  found  in  relation  to  chronic 
discharges  to  streams  from  oil  and  gas  operations: 

The  U  S    Fish  and  Wildlife  Service  conducted  a  survey  of  several  streams  in  Pennsylvania  from 
H8Z.-B5  to  determine  the  impact  on  aquatic  life  over  a  period  of  years  resulting  from  discharge 
of  oil  field  wastes  to  streams.    The  area  studied  has  a  history  of  chronic  discharges  of  wastes 
from  oil  and  gas  operations.    The  discharges  were  primarily  of  produced  water  from  production 
and  enhanced  recovery  operations.    The  streams  studied  were  Miami  Run.  South  Branch  of  Cole 
Creek    Pantner  Run.  Foster  Brook.  Lewis  Run.  and  PUhole  Creek.    The  study  noted  a  decline 
downstream  from  discharges  in  all  fish  populations  and  populations  of  frogs,  salamanders,  and 
crayfish.  '  ('PA  02)14 

These  discharges  of  produced  waters  are  presently  allowed  only  under 
the  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit  system. 


12  The  West  Virginia  Department  of  Energy  states  that  "This  activity  has  now  been  regulated 
under  West  Virginia's  general  permit  for  drilling  fluids.    Under  that  permit  there  would  have  been 
no  environmental  damage." 

13  References  for  case  cited:    Complaint  Form  #6/170/83.  West  Virginia  Department  of 

Natural  Resources,  2/E5/83.    West  Virginia  Department  of  Natural  Resources  Incident  Reporting  Sheet, 
2/26/83     Sketches  of  Marietta  drill  site.    Complaint  for  Swoons  or  Warrant.  3/28/63.    Simmons  to 
Appear.  3/18/83.    Marietta  Royalty  Prosecution  Report.  West  Virginia  Department  of  Natural 
Resources.    Interoffice  memorandum  containing  spill  investigation  details  on  Marietta  Royalty 
incident. 

14  References  for  case  cited:    U.S.  Fish  and  Wildlife.  Suimary  of  Data  from  Five  Streams  in 
Northwest  Pennsylvania.  3/65.    Background  information  on  the  streams  selected  for  fish  tissue 
analysis,  undated  but  after  10/23/85.    Tables  1  through  3  on  point  source  discharge  samples 
collected  in  the  creeks  included  in  this  study,  undated  but  after  10/30/84. 
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The  long-term  environmental  impacts  of  chronic,  widespread  illegal 
disposal  include  loss  of  aquatic  life  in  surface  streams  and  soil  salt 
levels  above  those  tolerated  by  native  vegetation.    In  1985,  Pennsylvania 
established  State  standards  concerning  this  type  of  discharge. 
Discharges  are  now  permitted  under  the  NPDES  system. 

The  northwestern  area  of  Pennsylvania  was  officially  designated  as  a 
hazardous  spill  area  (Clean  Water  Act,  Section  311 (k) )  by  the  U.S. EPA  in 
1985  because  of  the  large  number  of  oily  waste  discharges  that  have 
occurred  there.    Even  though  spills  are  accidental  releases,  and  thus  do 
not  constitute  wastes  routinely  associated  with  the  extraction  of  oil  and 
gas  under  the  sense  of  the  3001  exemption,  spills  in  this  area  of 
Pennsylvania  appear  to  represent  deliberate,  routine,  and  continuing 
illegal  disposal  of  waste  oil. 

Breaching  of  pits,  opening  of  tank  battery  valves,  and  improper  oil 
separation  have  resulted  in  an  unusually  high  number  of  sites  discharging 
oil  directly  to  streams.    The  issue  was  originally  brought  to  the 
attention  of  the  State  through  a  Federal  investigation  of  the  500,000 
acre  Allegheny  National  Forest.     That  investigation  discovered  500 
separate  spills.    These  discharges  have  affected  stream  quality,  fish 
population,  and  other  related  aquatic  life. 

The  U.S.  CPA  declared  a  four-county  area  (including  Mckean.  Uarren,  Venango,  and  Elk 
counties)  a  major  spill  area  m  the  summer  of  1985.  The  area  is  the  olaest  coimiercial 
oil-producing  region  in  the  world.    Chronic  low-level  releases  have  occurred  in  the 
region  since  earliest  production  and  continue  to  this  day.    EPA  and  other  agencies  [e.g., 
U.S.  Fish  and  Wildlife,  Pennsylvania  Fish  and  Game.  Coast  Guard)  were  concerned  that 
continued  discharge  into  the  area's  streams  has  already  and  will  in  the  future  have  major 
environmental  impact.    The  area  is  dotted  with  thousands  of  marginal  stripper  wells 
(producing  a  high  ratio  of  produced  water  to  oil),  as  well  as  thousands  of  abandoned 
wells  and  pits.    In  the  Allegheny  Reservoir  itself,  divers  spotted  20  of  81  known 
improperly  plugged  or  unplugged  welis,  7  of  which  were  leaking  oily  high-chloride 
produced  water  into  the  reservoir  and  have  since  been  plugged.    EPA  is  concerned  that 
many  others  are  also  leaking  native  oily  produced  water. 
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The  Coast  Guard  (USCG)  surveyed  the  forest  for  oil  spills  and  produced  water 
discharges,  identifying  those  of  particular  danger  to  be  cleaned  immediately,  by 
government  if  necessary.     In  the  Allegheny  Forest  alone,  USCG  identified  over  500  sites 
where  oil  was  leaking  from  wells,  pits,  pipelines,  or  storage  tanks.    In  59  cases,  oil 
was  being  discharged  directly  into  streams;  217  sites  showed  evidence  of  past  discharges 
and  *ere  on  the  verge  of  discharging  again  into  the  Allegheny  Reservoir,  Illegal 
disposal  of  oil  field  wastes  has  had  a  detrimental  effect  on  the  environment:    '\ . . there 
has  been  a  lethal  effect  on  trout  streams  and  damage  to  timber  and  habitat  for  deer,  bear 
and  grouse/*    On  lewis  Run,  52  discharge  sites  have  been  identified  and  the  stream 
supports  little  aquatic  life.    Almost  all  streams  in  the  Allegheny  Forest  have  suppressed 
fish  population  as  a  "...direct  result  of  pollution  from  oil  and  gas  activity/'  (API 
notes  that  oil  and  produced  water  leaks  into  streams  are  prohibited  by  State  and  federal 
regulations.)15  (PA 

These  leaks  are  prohibited  by  State  and  Federal  regulations. 
However,  discharges  are  allowed,  by  permit,  under  the  NPDES  program. 

Damage  to  Water  Wells  from  Oil  or  Gas  Well  Drilling  and  Fracturing 

In  West  Virginia,  the  minimum  distance  established  for  separating  oil 
or  gas  wells  from  drinking  water  wells  is  200  feet.    Siting  of  oil  or  gas 
drill  sites  near  domestic  water  wells  is  not  uncommon.  West- 
Virginia  has  no  automatic  provision  requiring  drillers  to  replace  water 
wells  lost  in  this  way;  owners  must  replace  them  at  their  own  expense 


15  Cements  in  the  docket  by  API  pertain  to  PA  09.    API  states  that  "...litigation  is 
currently  pending  with  respect  to  this  case  in  which  questions  have  been  raised  about  the  factual 
basis  for  government  action  in  this  case." 

16  References  for  case  cited:    U.S.  Geological  Survey  letter  from  Buckwalter  to  Rice 
concerning  sampling  of  water  in  northern  Pennsylvania,  1C/Z7/86.    Pennsylvania  Department  of 
Environmental  Resources  press  release  on  analysis  of  water  samples,  undated  but  after  8/63.    Oil  and 
Water:    when  One  of  the  By  products  of  High-grade  Oil  Production  is  a  Low-grade  Allegheny  National 
Forest,  It's  Time  to  Take  a  Hard  Look  at  Our  Priorities,  by  Jim  Morrison.  Pennsylvania  Wildlife, 
Vol.  8.  No.  1,    Pittsburgh  Press.  "Spoiling  a  Wilderness,"  1/22/84;  "Oil  Leaking  into  Streams  at  30t) 
Sites  in  Northwestern  Area  of  the  State,"  1985.    Warren  Times,  "Slick  Issues  Underscore  Oil  Cleanup 
in  National  Forest."  1986. 

17  According  to  members  of  the  Legal  Aid  Society  of  Charleston,  West  Virginia,  landowners 
have  little  control  over  where  oil  and  gas  wells  are  sited.    Although  a  provision  exists  for 
hearings  to  be  held  to  question  the  siting  of  an  oil  or  gas  well,  this  process  is  rarely  used  by 
private  landowners  for  economic  and  other  reasons. 
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or  sue  the  driller.    Where  there  is  contamination  of  a  freshwater  source, 
State  regulations  presume  an  oil  or  gas  drilling  site  is  responsible  if 
one  is  located  within  1,000  feet  of  the  water  source. 

During  the  fracturing  process,  fractures  can  be  produced,  allowing 
migration  of  native  brine,  fracturing  fluid,  and  hydrocarbons  from  the 
oil  or  gas  well  to  a  nearby  water  well.    When  this  happens,  the  water 
well  can  be  permanently  damaged  and  a  new  well  must  be  drilled  or  an 
alternative  source  of  drinking  water  found. 

In  1962.  Kaiser  Gas  Co.  drilled  a  gas  well  on  the  property  of  Mr,  James  Parsons,    The  well  was 
fractured  using  a  typical  fracturing  fluid  or  gel.    The  residual  fracturing  fluid  migrated  into 
Mr.  Parson's  water  well  (which  was  drilled  to  a  depth  of  416  feet),  according  to  an  analysis  by 
the  West  Virginia  Environmental  Health  Services  Lab  of  well  water  samples  taken  from  the 
property.    Dark  and  light  gelatinous  material  [fracturing  fluid)  was  found,  along  with  white 
fibers.    (The  gas  well  is  located  less  than  1.000  feet  from  the  water  Mil)    The  chief  of  the 
laboratory  advised  that  the  water  well  was  contaminated  and  unfit  for  domestic  use,  and  that  an 
alternative  source  of  domestic  water  had  to  be  found.    Analysis  showed  the  water  to  contain  high 
levels  of  fluoride,  sodium,  iron,  and  manganese .    The  water,  according  to  DNR  officials,  had  a 
hydrocaroon  odor,  indicating  tne  presence  of  gas.    To  date  Mr,  Parsons  has  not  resumed  use  of 
the  well  as  a  domestic  water  source.  .  (API  states  that  this  damage  resulted  from  a  malfunction 
of  the  fracturing  process      If  the  fractures  are  not  limited  to  the  producing  formation,  the  oil 
and  gas  are  lost  from  the  reservoir  and  are  unrecoverable  J        (WV  17) 


18  Comments  in  the  Docket  pertain  to  WV  17.  by  David  F Tannery  and  West  Virginia  Department 
of  Energy.    Mr.  flannery  states  that  "...this  is  an  area  where  water  problems  have  been  known  to 
occur  independent  of  oil  and  gas  operations."    EPA  believes  that  the  "problems"  Mr.  Flannery  is 
referring  to  are  the  natural  high  level  of  fluoride,  alkalinity,  sodium,  and  total  dissolved  solids 
in  the  water.    However,  the  constituents  of    concern  found  in  this  water  well  were  the  gelatinous 
material  associated  with  the  fracturing  process,  and  hydrocarbons.    West  Virginia  Department  of 
Energy  states  that  the  WVDOE  "...had  no  knowledge  that  the  Pittsburg  sand  was  a  fresh  water 
source,"     Also,  WVDOE  pointed  out  that  WV  Code  22B-1-20        requires  an  operator  to  cement  a  string 
of  casing  30  feet  below  all  fresh  water  rones."     According  to  case  study  records.  Kaiser  Gas  Co. 
did  install    a  cement  string  of  casing  30  feet  below  the  Pittsburg  sand,  from  which  Mr.  Parson  drew 
his  water. 

19  References  for  case  cited:    Three  lab  reports  containing  analysis  of  water  well.  Letter 
from  J.  E.  Rosencrance,  Environmental  Health  Services  Lab,  to  P.  R,  Merntt,  Sanitarian,  Jackson 
County,  West  Virginia.    Letter  from  P.  ft.  Herritt  to  J.  £.  Rosencrance  requesting  analysis.  Letter 
from  H.  tf.  Lewis,  Office  of  Oil  and  Gas,  to  James  Parsons  stating  State  cannot  help  in  recovering 
expenses,  and  Mr.  Parsons  must  file  civil  suit  to  recover  damages.    Water  well  inspection  report  - 
complaint.    Sample  report  forms. 


IV-22 


There  were  no  violations  of  West  Virginia  regulations  in  this  case. 


Damage  cases  involving  drilling  activity  in  proximity  to  residential 
areas  are  known  to  have  occurred  in  Pennsylvania: 

Civil  suit  was  brought  by  14  families  living  in  the  village  of  Belmar  against  a 
Meadvi lie-based  oil  drilling  company.  Norwesco  Development  Corporation,  in  June  1986. 
Norwesco  had  drilled  more  than  ZOO  wells  near  Belmar.  and  residents  of  the  village 
claimed  that  the  activity  had  contaminated  the  ground  water  from  which  they  drew  their 
domestic  water  supply.    The  Pennsylvania  Department  of  Environmental  Resources  and  the 
Pennsylvania  Fish  Commission  citeo  Norwesco  at  least  19  times  for  violations  of  State 
regulations.     Norwesco  claimed  it  was  not  responsible  for  contamination  of  the  ground 
water  used  by  the  village  of  Belmar.    Norwesco  suggested  instead  that  the  contamination 
was  from  old,  long-abandoned  wells.    The  Pennsylvania  Department  of  Environmental 
Resources  (DER)  agreed  with  Belmar  residents  that  the  contamination  was  from  the  current 
drilling  operations.    Ground  water  tn  Belmar  had  been  pristine  prior  to  the  drilling 
operation  of  Norwesco.    AH  families  relying  on  the  ground  water  lost  their  domestic 
water  supply     The  water  from  the  contaminated  wells  would  "...burn  your  eyes  in  the 
shower,  and  your  skin  is  so  dry  and  itchy  when  you  get  out."    Families  had  to  buy  bottled 
water  for  drinking  and  had  to  drive,  in  some  cases,  as  far  as  30  miles  to  bathe.  Not 
only  were  residents  not  able  to  drink  or  bathe  using  the  ground  water;  they  could  not  use 
the  water  for  washing  clothes  or  household  items  without  causing  permanent  stains. 
Plumbing  fixtures  were  pitted  by  the  high  level  of  total  dissolved  solids  and  high 
chloride  levels. 

In  early  1986,  DER  ordered  Norwesco  to  provide  Belmar  with  an  alternative  water  supply 
that  was  equal  in  quality  and  quantity  to  what  the  Belmar  residents  lost  when  their  wells 
were  contaminated.    In  November  1986  Norwesco  offered  a  cash  settlement  of  $275,000  to 
construct  a  new  water  system  for  the  village  and  provided  a  temporary  water  supply.  (PA 
06)ZD 

This  case  represents  a  violation  of  Pennsylvania  regulations. 
Problems  with  Lands preadi no  in  West  Virginia 

Landspreading  of  drilling  muds  containing  up  to  25,000  ppm  chlorides 
was  allowed  in  West  Virginia  until  November  1,  1987.    The  new  limit  is 
12,500  ppm  chlorides.    These  concentrations  of  chlorides  are  considerably 


20    References  for  case  cited:    Pittsburgh  Press,  "Franklin  County  Village  Sees  Hope  after 
Bad  Water  Ordeal,"    12/7/86.    Horning  News.  "Oil  Drilling  Firm  Must  Supply  Water  to  Homes,"  1/7/86; 
"Village  Residents  Sue  Drilling  Company,"  6/7/86. 
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higher  than  concentrations  permitted  for  landspreading  in  other  States 
and  are  several  times  higher  than  native  vegetation  can  tolerate. 
Landspreading  of  these  high-chloride  muds  may  result  in  damage  to  arable 
land.  This  waste  drilling  mud  may  kill  surface  vegetation  where  the  mud 
is  directly  applied;  salts  in  the  wastes  can  leach  into  surrounding  soil, 
affecting  larger  plants  and  trees.    Leaching  of  chlorides  into  shallow 
ground  water  is  also  a  potential  problem  associated  with  this  practice. 

In  early  1986  Tower  Drilling  land-applied  the  contents  of  a  reserve  pit  to  an  area  100  feet  by 
ISO  feet.    All  vegetation  died  in  the  area  where  pit  contents  were  directly  applied,  and  three 
trees  adjacent  to  the  land  application  area  were  dying  allegedly  because  of  the  leaching  of  high 
levels  of  chlorides  into  the  soil.    A  complaint  was  made  by  a  private  citizen  to  the  West 
Virginia  DNR.    Samples  taken  by  West  Virginia  DNR  of  the  contaminated  soil  measured  18,000  ppm 
chlorides  21 (WV  13)2? 

Land  applying  reserve  pit  contents  with  more  than  12,500  ppm 
chlorides  is  now  in  violation  of  West  Virginia  regulations. 

Problems  with  Enhanced  Oil  Recovery  (EOR)  and  Abandoned  Wells  in  Kentucky 

The  Martha  Oil  field,  located  in  northeastern  Kentucky,  is  situated 
on  the  border  of  Lawrence  and  Johnson  counties  and  occupies  an  area  in 
excess  of  50  square  miles.    Oil  production  began  in  the  early  1920s  and 
secondary  recovery  operations  or  waterflooding  commenced  in  1955. 
Ashland  Exploration,  Inc.,  operated  UlC-permitted  injection  wells  in  the 
area.    Approximately  8,500  barrels  of  fresh  water  were  being  injected  per 
day  at  an  average  pressure  of  700  pounds  per  square  inch. 


21  Comnents  in  the  Docket  by  David  Flannery  and  API  pertain  to  WV  13.    The  statements  by 
API  and  Mr.  Flannery  are  identical.    They  state  that  it  might  not  be  "...possible  to  determine 
whether  it  was  the  chloride  concentration  alone  which  caused  the  vegetation  stress."    Also,  they 
claim  that  the  damage  was  short  term  and  "...full  recovery  of  vegetation  was  made."  Neither 
commenter  submitted  supporting  documentation. 

22  References  for  case  cited:  West  Virginia  Department  of  Natural  Resources  complaint  form 
t6/131/86.    Analytical  report  on  soil  analysis  of  kill  area. 
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Several  field  investigations  were  conducted  by  the  U.S.  Environmental 
Protection  Agency,  Region  IV,  to  appraise  the  potential  for  and  extent  of 
contamination  of  ground-water  resources.    Field  inspections  revealed 
widespread  contamination  of  underground  sources  of  drinking  water  (USDWs). 

from  April  29  through  May  8,  1966 ,  representatives  of  the  U.S.  EPA,  Region  IV,  conducted  a 
surface  water  investigation  in  the  Blaine  Creek  watershed  near  Martha,  Kentucky,    The  study  was 
requested  by  the  U,S,  EPA  Water  Management  Division  to  provide  additional  baseline  information 
on  stream  water  quality  conditions  in  the  Blame  Creek  area.    Elaine  Creek  and  its  tributaries 
have  been  severely  impacted  by  oil  production  activities  conducted  in  the  Martha  field  since  the 
early  1900s.    The  Water  Management  Division  issued  an  administrative  order  requiring  that 
waterf  looding  of  the  oil-bearing  strata  cease  by  February  4,  1986,  and  also  requiring  that 
direct  or  indirect  brine  discharges  to  area  streams  cease  by  May  7,  1986. 

for  the  study  in  1966,  21  water  chemistry  sampling  stations,  13  of  which  were  also  biological 
sampling  stations,  were  established  in  the  Blame  Creek  watershed.    Five  streams  in  the  study 
area  were  considered  control  stations.    Biological  sampling  indicated  that  macroinvertebrates  in 
the  immediate  Martha  Oil  field  area  were  severely  impacted.    Many  species  were  reduced  or  absent 
at  all  stations  within  the  oil  field.    Blaine  Creek  stations  downstream  of  the  oil  field, 
although  impacted,  showed  gradual  improvement  in  the  benthic  macroinvertebrates,  Control 
stations  exhibited  the  greatest  diversity  of  benthic  macroinvertebrate  species.    Water  chemistry 
results  for  chlorides  generally  indicated  elevated  levels  in  the  Martha  oil  field  drainage 
area.    Chloride  values  in  the  affected  area  of  the  oil  field  ranged  from  440  to  5,900  mg/L. 
Control  station  chloride  values  ranged  from  3  to  42  mg/L. 

In  May  of  1987,  EPA,  Region  IV,  conducted  another  surface  water  investigation  of  the  Blame 
Creek  watershed.    The  study  was  designed  to  document  changes  in  water  quality  in  the  watershed 
1  year  following  the  cessation  of  oil  production  activities  in  the  Martha  oil  field,    By  May  of 
1967,  the  major  operator  in  the  area,  Ashland  Exploration,  Inc.  had  ceased  operations.  Some 
independently  owned  production  wells  were  still  in  service  at  this  time.    Chloride  levels, 
conductivity,  and  total  dissolved  solids  levels  had  significantly  decreased  at  study  stations 
within  the  Martha  oil  field.    Marked  improvements  were  observed  in  the  benthic  invertebrate 
community  structures  at  stations  within  the  Martha  field.    New  species  that  are  considered 
sensitive  to  water  quality  conditions  were  present  in  1987  at  most  of  the  biological  sampling 
stations,  indicating  that  significant  water  quality  improvements  had  occurred  following 
cessation  of  oil  production  activities  in  the  Martha  field.    Chloride  levels  in  one  stream  in 
the  Blaine  Creek  watershed  decreased  from  5,900  mg/L  to  150  mg/L.^ 


23  References  for  case  cited:    Martha  Oil  Field  Water  Quality  Study,  Martha,  Kentucky,  U.S. 
EPA,  Athens,  Georgia,  May  198$.    Martha  Oil  Field  Water  Quality  Study,  Martha,  Kentucky,  U,S+  EPA, 
Athens,  Georgia,  May  1987 , 
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In  response  to  EPA's  notice  of  violations  and  other  requirements, 
Ashland  proposed  to  EPA  that  it  would  properly  plug  and  abandon  all 
existing  injection  wells,  oil  production  wells,  and  water-supply  wells 
and  most  gas  production  wells  in  the  Martha  field.    EPA,  Region  IV, 
issued  to  Ashland  an  Order  on  Consent  With  Administrative  Civil  Penalty 
under  the  authority  of  Section  1423(9) (2)  of  the  SDWA.    Ashland  has  paid 
an  administrative  penalty  of  $125,000  and  will  plug  and  abandon 
approximately  1,433  wells  in  compliance  with  EPA  standards.  If 
warranted,  Ashland  will  provide  alternative  water  supplies  to  private 
water  well  users  whose  supplies  have  been  adversely  affected  by  oil 
production  activities. 

SOUTHEAST 

The  Southeast  zone  includes  North  Carolina,  South  Carolina,  and 
Georgia.    There  is  little  oil  and  gas  activity  in  this  zone.    No  field 
research  was  conducted  to  collect  damage  cases  in  this  zone. 

GULF 

The  Gulf  zone  includes  Arkansas,  Louisiana,  Mississippi,  Alabama,  and 
Florida.  Attention  in  the  damage  case  effort  was  focused  on  Arkansas  and 
Louisiana,  the  two  major  producers  of  the  zone. 

Operations 

Operations  in  Arkansas  are  predominantly  small  to  mid-sized 
operations  in  mature  production  areas.    A  significant  percentage  of 
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production  in  this  area  comes  from  stripper  wells,  which  produce  large 
volumes  of  associated  produced  water  containing  high  levels  of 
chlorides.    For  Arkansas,  most  production  occurs  in  the  southern  portion 
of  the  State. 

The  average  depth  of  a  new  well  drilled  in  Arkansas  in  1985  was  4,148 
feet.    That  year  121  exploratory  wells  were  drilled  and  1,055  new  wells 
were  completed. 

Louisiana  has  two  distinct  production  areas.    The  northern  half  of 
the  State  is  dominated  by  marginal  stripper  production  from  shallow  wells 
in  mature  fields.     The  southern  half  of  Louisiana  has  experienced  most 
of  the  State's  development  activity  in  the  last  decade.    There  has  been 
heavy,  capital-intensive  development  of  the  Gulf  Coast  area,  where  gas  is 
the  principal  product.    Wells  tend  to  be  of  medium  depth;  operations  are 
typically  located  in  or  near  coastal  wetland  areas  on  barge  platforms  or 
small  coastal  islands.     Operators  dredge  canals  and  estuaries  to  gain 
access  to  sites. 

In  this  area,  reserve  pits  are  constructed  out  of  the  materials  found 
on  coastal  islands,  mainly  from  peat,  which  is  highly  permeable  and 
susceptible  to  damage  after  exposure  to  reserve  pit  fluids.    Reserve  pits 
on  barges  are  self-contained,  but  are  allowed  to  be  discharged  in 
particular  areas  if  levels  of  certain  constituents  in  wastes  are  below 
specified  limits.    If  certain  constituents  are  found  in  concentrations 
above  these  limits  in  the  waste,  they  must  be  injected  or  stored  in  pits 
(unlined)  on  coastal  islands. 
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For  many  operators  in  the  Gulf  Coast  area,  produced  water  is 
discharged  directly  to  adjacent  water  bodies.    Fields  in  this  region  have 
an  average  water/oil  ratio  of  from  4:1  to  6:1.    The  Louisiana  Department 
of  Environmental  Quality  (DEQ)  is  now  requiring  that  operators  apply  for 
permits  for  these  discharges.    At  this  writing,  the  Louisiana  DEQ  had 
received  permit  applications  for  approximately  750  to  800  discharge 
points.    Results  of  field  work  done  by  the  Louisiana  DEQ,  the  Louisiana 
Geological  Survey,  and  the  Louisiana  University  Marine  Consortium  show 
that  roughly  1.8  to  2.0  million  barrels  of  produced  water  are  discharged 
daily  in  this  area.    According  to  the  Louisiana  Geological  Survey,  many 
receiving  water  bodies  contain  fresh  water,  with  some  receiving  water 
bodies  70  times  fresher  than  the  oil  field  discharges.    The  U.S.  Fish  and 
Wildlife  Service  has  stated  that  it  will  aggressively  oppose  any  permits 
for  produced  water  discharges  in  the  Louisiana  wetlands  of  the  Gulf  Coast. 

The  average' depth  of  a  new  well  drilled  in  northern  Louisiana  in  1985 
was  2,713  feet;  along  the  Gulf  Coast  it  was  10,150  feet.    In  the  northern 
part  of  the  State,  244  exploratory  wells  were  drilled  and  4,033 
production  wells  were  completed.    In  the  southern  part  of  the  State,  215 
exploratory  wells  were  drilled  and  1,414  production  wells  were 
completed. 

Types  of  Operators 

In  Arkansas,  operators  are  generally  small  to  mid-sized  independents, 
including  some  established  operators  and  others  new  to  the  industry. 
Because  production  comes  mostly  from  stripper  wells,  operators  tend  to  be 
vulnerable  to  market  fluctuations. 

Northern  Louisiana's  operators,  like  those  in  Arkansas,  tend  to  be 
small  to  mid-sized  independents.    They  share  the  same  economic 
vulnerabilities  with  their  neighbors  in  Arkansas.    In  addition,  however, 
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Louisiana's  more  marginal  operations  may  be  particularly  stressed  by  the 
new  Rule  29B,  which  requires  the  closing  out  and  elimination  of  all 
current  and  future  onsite  produced  water  disposal  pits  by  1989, 
Estimated  closing  costs  per  pit  are  $20,000. 

Operators  in  southern  Louisiana  tend  to  be  major  companies  and  large 
independents.    They  are  less  susceptible  to  fluctuating  market  conditions 
in  the  short  term.    Projects  in  the  south  tend  to  be  larger  than  those  in 
the  north  and  are  located  in  more  environmentally  sensitive  areas. 

Major  Issues 

Ground-Water  Contamination  from  Unlined  Produced  Water  Disposal  Pits  and 
Reserve  Pits 

Unlined  produced  water  disposal  pits  have  been  used  in  Louisiana  for 
many  years  and  are  only  now  being  phased  out  under  Rule  29B.  Past 
practice  has,  however,  resulted  in  damages  to  ground  water  and  danger  to 
human  health. 

In  1982 ,  suit  was  brought  on  behalf  of  Dudley  Romero  et  al.  against  operators  of  an  oil 
waste  commercial  disposal  facility,  PAB  Oil  Co.    The  plaintiffs  stated  that  their 
domestic  water  wells  were  contaminated  by  wastes  dumped  into  open  pus  in  the  PAB  Oil  Co. 
facility  which  were  alleged  to  have  migrated  into  the  ground  water,  rendering  the  water 
wells  unusable.    Oil  field  wastes  are  dumped  into  the  waste  pits  for  skimming  and 
separation  of  oil.    The  pits  are  unlined,  The  PAB    facility  was  operating  prior  to 
Louisiana's  f >rst  commercial  oil  field  waste  facility  regulations.    After  promulgation  of 
new  regulations,  the  facility  continued  to  operate  for  Z  years  in  violation  of  the  new 
regulations,  after  which  time  the  State  shut  down  the  facility. 

The  plaintiff's  water  wells  are  downgradient  of  the  facility,  drilled  to  depths  of  300 
to  500  feet.    Problems  with  water  wells  date  from  1979.    Extensive  analysis  was  performed 
by  Soil  Testing  Engineers,  Inc.,  and  U.S.  EPA,  on  the  plaintiff's  water  wells  adjacent  to 
the  site  to  determine  the  probability  of  the  well  contamination  coming  from  the  PAB  Oil 
Co.  site.    There  was  also  analysis  on  surface  soil  contamination.    Soil  Testing 
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Engineers,  Inc..  determined  that  it  was  possible  for  the  wastes  in  the  PA8  Oil  Co.  pits 
to  reach  and  contaminate  the  Romeros '  water  wells.    Surface  sampling  around  the  perimeter 
of  the  PA6  Oil  Co.  sue  found  high  concentrations  of  metals.    Resistivity  testing  showed 
tnat  plumes  of  chloride  contamination  fn  the  water  table  lead  from  the  pits  to  the  water 
wells.  Borings  that  determined  trie  substrata  makeup  suggested  that  it  would  be  possible 
for  wastes  to  contaminate  the  Romero  ground  water  within  the  time  that  the  facility  had 
been  in  operation  if  the  integrity  of  the  clay  cap  in  the  pit  had  been  lost  (as  by  deep 
excavation  somewhere  within  it).    The  pit  was  12  feet  deep  and  within  range  to  percolate 
into  the  water-bearing  sandy  soil. 

The  plaintiffs  complained  of  sickness,  nausea,  and  dizziness,  and  a  loss  of  cattle,  The 
case  was  settled  out  of  court.    The  plaintiffs  received  $140,000  from  PAB  Oil  Co 
(LA  67)24 

Unlined  commercial  disposal  pits  are  now  illegal  in  Louisiana. 


The  ground  in  this  area  is  highly  permeable,  allowing  pit  contents  to 
leach  into  soil  and  ground  water.    Waste  constituents  potentially 
leaching  into  ground  water  from  unlined  pits  include  arsenic,  cadmium, 
chromium,  copper,  lead,  nickel,  zinc>  and  chlorides.    There  have  been 
incidents  illustrating  the  permeability  of  subsurface  formations  in  this 
area  / 

Allowable  Discharge  of  Drilling  Hud  into  Gulf  Coast  Estuaries 

Under  existing  Louisiana  regulations,  drilling  muds  from  onshore 
operations  may  be  discharged  into  estuaries  of  the  Gulf  of  Mexico,  The 
State  issues  permits  for  this  practice  on  a  case-by-case  basis.  These 


^4    References  for  case  cited'    Soil  Testing  Engineers.  Inc.,  Brine  Study,  Romero,  et  al.r 
Abbeville.  Louisiana.  10/19/82.    U.S.  EPA  lab  analysis  of  pits  and  wells,  1 0/23/61 .  Dateline, 
Louisiana;    Fighting  Chemical  Dumping,  by  Jason  Berry,  Hay- June,  1983. 

25    A  gas  well  operated  by  Conoco,  which  had  been  plugged  and  abandoned,  blew  out  below  the 
surface  from  December  H,  1905,  to  January  9,  1986.    The  blowout  sent  gas  through  fault  zones  and 
permeable  formations  tc  the  land  surface  owned  by  Claude  H.  Gooch.    The  gas  could  be  ignited  by  a 
match  held  to  the  ground.    The  gas  was  also  determined  to  be  a  potential  hazard  to  drinking  water 
wells  in  the  immediate  area. 
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estuaries  are  often  valuable  commercial  fishing  grounds.    Since  the  muds 
can  contain  high  levels  of  toxic  metals,  the  possibility  of 
bioaccumulation  of  these  metals  in  shellfish  or  finfish  is  of  concern  to 

EPA. 

In  1964,  the  Slendale  Drilling  Co, ,  under  contract  to  Woods  Petroleum,  was  drilling  from  a 
barge  at  the  intersection  of  Taylor's  Bayou  and  Cross  Bayou.  The  operation  was  discharging  drill 
cuttings  and  mud  into  the  bayou  within  1,300  feet  of  an  active  oyster  harvesting  area  and  State 
oyster  seeding  area.    At  the  time  of  discharge,  oyster  harvests  were  in  progress.    (It  is  State 
policy  in  Louisiana  not  to  grant  permits  for  the  discharge  of  drill  cuttings  within  1.300  feet 
of  an  active  oyster  harvesting  area.    The  Louisiana  Department  of  Environmental  Quality  does  not 
allow  discharge  of  whole  mud  into  estuaries.) 

A  State  Water  Pollution  Control  Division  inspector  noted  that  there  were  two  separate  discharges 
occurring  from  the  barge  and  a  low  mound  of  mud  was  protruding  from  the  surface  of  the  water 
beneath  one  of  the  discharges.    Woods  Petroleum  had  a  letter  from  the  Louisiana  Department  of 
Environmental  Quality  authorizing  them  to  discharge  the  drill  cuttings  and  associated  mud,  but 
this  permit  would  presumably  not  have  been  issued  if  it  had  been  known  that  the  drilling  would 
occur  near  an  oyster  harvesting  area.    While  no  damage  was  noted  at  time  of  inspection,  there 
was  great  concern  expressed  by  the  Louisiana  Oyster  Growers  Association,  the  Louisiana 
Department  of  Wildlife  and  Fisheries,  Seafood  Division,  and  some  parts  of  the  Department  of 
Water  Pollution  Control  Division  of  the  Department  of  Environmental  Quality.    The  concern  of 
these  groups  stemmed  from  the  possibility,    that  the  discharge  of  muds  and  cuttings  with  high  ^ 
content  of  metals  may  have  long-term  impact  on  the  adjacent  commercial  oyster  fields  and  the 
State  oyster  seed  fields  in  pearby  Junop  Bay.    In  such  a  situation,  metals  can  precipitate  from 
the  discharge,  settling  m  progressively  higher  concentrations  in.  the  bayou  sediments  where  the 
oysters  mature.    The  bioaccumulation  of  these  metals  by  the  oysters  can  have  an  adverse  impact 
.    on  the  oyster  population  and  could  also  lead  to  human  health  problems  if  contaminated  oysters 
are  consumed. 

The  Department  of  Environmental  Quality  decided  in  this  case  to  direct  the  oil  company  to  stop 
the  discharge  of  drill  cuttings  and  muds  into  the  bayou.    In  this  instance,  the  Department  of 
Environmental  Quality  ordered  that  a  drill  cutting  barge  be  used  to  contain  the  remainder  of  the 
drill  cuttings.    The  company  was  not  ordered  to  clean  up  the  mound  of  drill  cuttings  that  it 
had  already  deposited  in  the  bayou.    (LA  20) 

Activities  in  this  case,  though  allowed  by  the  State,  are  illegal 
according  to  State  law. 


26  References  for  case  cited:  Louisiana  Department  of  Environmental  Quality.  Water 
Pollution  Control  Division.  Office  of  Water  Resources,  internal  memorandum.  6/3/85. 
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Illegal  Disposal  of  Oil  Field  Waste  in  the  Louisiana  Gulf  Coast  Area 

The  majority  of  damage  cases  collected  in  Louisiana  involve  illegal 
disposal  or  inadequate  facilities  for  containment  of  wastes  generated  by 
operations  on  the  Gulf  Coast,    For  example: 

Two  Louisiana  Water  Pollution  Control  inspectors  surveyed  a  swamp  adjacent  to  a  KEDCO 
Oil  Co.  facility  to  assess  flora  damage  recorded  on  a  Notice  of  Violation  issued  to  KEDCO 
on  3/13/31.    The  Notice  of  Violation  discussed  produced  water  discharges  into  an  adjacent 
canal  that  emptied  into  a  cypress  swamp  from  a  pipe  protruding  from  the  pit  levee. 
Analysis  of  a  sample  collected  by  a  Mr+  Martin,  the  complainant,  who  expressed  concern 
over  the  hign-chlor iae  produced  water  discharge  into  the  canal  he  used  to  obtain  water 
for  his  crawfish  pond,  showed  salinity  levels  of  32,000  ppm  {seawater  is  35,000  ppm). 

On  April  15.  1981 t  the  Water  Pollution  Control  inspectors  made  an  effort  to  measure  the 
extent  of  damage  to  the  trees  in  the  cypress  swamp.    After  surveying  the  sue  of  the 
swamp,  they  randomly  selected  a  compass  bearing  and  surveyed  a  transect  measuring  200 
feet  by  20  feet  through  the  swamp.    They  counted  and  then  classified  all  trees  in  the 
area  according  to  the  degree  of  damage  they  had  sustained,    Inspectors  found  that  "..-an 
approximate  total  area  of  4,088  acres  of  swamp  was  severely  damaged."    Within  the 
randomly  selected  transect,  they  classified  all  trees  according  to  the  degree  of  damage. 
Out  of  a  total  of  105  trees,  73  percent  were  dead.  18  percent  were  stressed,  and  9 
percent  were  normal.    The  inspectors*  report  noted  that  although  the  transect  ran  through 
a  heavily  damaged  area,  there  were  other  areas  much  more  severely  impacted.  They 
therefore  concluded,  based  upon  data  collected  and  firsthand  observation,  that  the 
percentages  of  damaged  trees  recorded  "...are  a  representative,  if  not  conservative, 
estimate  of  damage  over  the  entire  affected  area."     In  the  opinion  of  the  inspectors, 
the  discharge  of  produced  water  had  been  occurring  for  some  time,  judging  by  the  amount 
of  damage  sustained  by  the  trees.    KEDCO  was  fined  $9,500  by  the  State  of  Louisiana  and 
paid  $4,500  in  damages  to  the  owner  of  the  affected  crawfish  farm.    (LA  45) 

This  discharge  was  in  violation  of  Louisiana  regulations. 


27    References  for  case  cited:    Louisiana  Department  of  Natural  Resources,  Water  Pollution 
Control  Division,  internal  memo.  Cormier  and  St.  Pe  to  Givens,  concerning  damage  evaluation  of  swamp 
near  the  KEDCO  Oil  Co.  facility  6/24/81.    Notice  of  Violation,  Water  Pollution  Control  Log 
#2-6-81-21. 
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Most  of  the  damage  cases  collected  involved  small  operations  run  by 
independent  companies.    Some  incidents,  however,  involved  major  oil 
companies: 

Sun  Oil  Co.  operates  a  site  located  in  the  Chacahoula  Field.    A  Department  of  Natural 
Resources  inspector  noted  a  site  configuration  during  an  inspection  (6/35/62)  of  a  tank  battery 
surrounded  by  a  pit  levee  and  a  pit  (30  yards  by  SO  yards).    The  pit  was  discharging  produced 
water  into  the  adjacent  swamp  in  two  places,  over  a  low  part  in  the  levee  and  from  a  pipe  that 
had  been  put  through  the  ring  levee  draining  directly  into  the  swamp.    Produced  water,  oil.  ana 
grease  were  being  discharged  into  the  swamp.    Chloride  concentrations  from  samples  taken  by  the 
inspectors  ranged  from  2,948  to  4.848  ppra.  and  oil  and  grease  concentrations  measured  12.6  to 
26.7  ppm.    The  inspector  noted  that  the  discharge  into  the  swamp  was  the  means  by  which  the 
company  drains  the  tank  battery  ring  levee  area.    A  notice  of  violation  was  issued  to  Sun  Oil  by 
the  Department  of  Natural  Resources.     (LA  15) 

This  discharge  was  in  violation  of  Louisiana  regulations. 
Some  documented  cases  noted  damage  to  agricultural  crops: 


Dr   Wilma  Subra  documented  damage  to  D.T.  Caffery's  sugar  cane  fields  adjacent  to  a  production 
site'  which  included  a  saltwater  disposal  well.  in. St.  Mary  Parish..  The  operator  was  Sun  Oil. 
The  documentation  was  collected  between  July  of  1985  and  November  of  1986  and  included  reports 
of  salt  concentrations  in  soil  at  various  locations  in. the  sugar  cane  fields,  along  with 
descriptions  of  accompanying  damage.    Dr.  Subra  noted  that  the  sugar  cane  fields    had  various 
areas  that  were  barren  and  contained  what  appeared  to  be  sludge.    The  production  facility  is 
^gradient  from  the  sugar  cane  fields,  and  Dr.  Subra  surmised  that  produced  water  was  discharged 
onto  the  soil  surface  from  the  facility  and  that  a  plume  of  salt  contamination  spread 
downgradient.  thereby  affecting  7.3  acres  of  sugar  cane  fields,  over  a  period  of  a  year  and  a 
half. 

In  July  1985,  Or.  Subra  noted  that  the  cane  field,  though  in  bad  condition,  was  predominantly 
covered  with  sugar  cane.  There  were,  however,  weeds  or  barren  soil  covering  a  portion  of  the 
site.  The  patch  of  weeds  and  barren  soil  matched  the  area  of  highest  salt  concentration.  In  the 
area  where  the  topography  suggested  that  brine  concentrations  would  be  lowest,  the  sugar  cane 
appeared  healthy.  Subsequent  field  investigation  and  soil  sampling  conducted  by  Dr.  Subra  in 
November  of  1986  found  the  field  to  be  nearly  barren,  with  practically  no  sugar  cane  growing. 


28  References  for  case  cited:  Louisiana  Department  of  Natural  Resources,  Water  Pollution 
Control  Division,  internal  memo  from  Cormier  to  Givens.  6/16/82.  concerning  Sun  Oil  Co.  brine 
discharge,  Chacahoula  Field.    Log  #2-8-81-122.    Lab  analysis,  7/2/82, 
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Dr.  Subra  measured  concentrations  of  salts  in  the  soil  ranging  from  a  low  of  1,403  pom  to 
35,26$  Ppm  at  the  edge  of  the  field  adjacent  to  the  oil  operation.    Sun  has  undertaken  a 
reclamation  project  to  restore  the  land.    It  is  estimated  that  the  project  will  take  Z  to  3 
years  to  complete.     In  the  interim,  Sun  Oil  Co.  will  pay  the  sugar  cane  farmer  for  loss  of 
crops.29     (LA  B3)30 

The  State  of  Louisiana  has  not  taken  any  enforcement  action  in  this 
case;  it  is  unclear  whether  any  State  regulations  were  violated. 

Most  damage  associated  with  illegal  disposal  involves  disposal  of 
produced  water  containing  high  levels  of  chloride  (brine).  Illegal 
disposal  of  other  types  of  oil  field  waste  also  result  in  environmental 
damage : 


Chevco-kengo  Services.  Inc.  operates  a  centralized  disposal  facility  near  Abbeville, 
Louisiana.    Produced  water  and  other  wastes  are  transported  from  surrounding  production  fields 
by  vacuum  truck  to  the  facility.  Complaints  were  filed  by  private  citizens  alleging  that 
discharges  from  the  facility  were  damaging  crops  of  rice  and  crawfish,  and  that  the  facility 
represented  a  threat  to  the  health  of  nearby  residents.    An  inspection  of  the  site  by  the  Water 
Pollution  Control  Division  of  the  Department  of  Natural  Resources  found  that  a  truck  washout  pit 
was  emptying  oil  field  wastes  into  a  roadside  ditch  flowing  into  nearby  coulees. 

Civil  suit  was  brought  by  private  citizens  against  Chevco-Kengo  Services,  Inc.,  asking  for  a 
total  of  $4  million  in  property  damages,  past  and  future  crop  loss,  and  exemplary  damages.  Lab 
analysis  performed  by  the  Department  of  Natural  Resources  of  waste  samples  indicated  high  metals 
content  of  the  wastes,  especially  in  samples  taken  from  the  area  near  the  facility  and  in  the 
adjacent  rice  fields,  indicating  that  the  discharge  of  wastes  from  the  facility  was  the  source 
of  damage  to  the  surrounding  land.    The  case  is  In  litigation,  (LA90) 

The  State  did  not  issue  a  notice  of  violation  in  this  case.  However, 
this  type  of  discharge  is  illegal. 


29    API  states  that  an  accidental  release  occurred  in  this  case.    EPA  records  show  this 
release  lasted  2  years. 

3°    References  for  case  cited:    Documentation  from  Dr.  Vh  Ima  Subra,  including  a  series  of 
maps  documenting  changes  in  the  sugar  cane  over  a  period  of  time,  12/86,    Haps  showing  location  of 
sampling  and  salt  concentrations. 

31  API  states  that  these  discharges  were  accidental. 

32  References  for  case  cited:    Louisiana  Department  of  Natural  Resources,  Water  Pollution 
Control  Division,  internal  memo,  lab  analysis,  and  photographs,  8/25/83,    Letter  from  West  land  Oil 
Development  Corp.  to  Louisiana  Department  of  Natural  Resources,  4/15/83. 
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Illegal  Disposal  of  Oil  Field  Waste  in  Arkansas 


The  majority  of  damage  cases  found  in  Arkansas  relate  to  illegal, 
dumping  of  produced  water  and  oily  waste  from  production  units.  Damages 
typically  include  pollution  of  surface  streams  and  contamination  of  soil 
with  high  levels  of  chlorides  and  oil,  documented  or  potential 
contamination  of  ground  water  with  elevated  levels  of  chlorides,  and 
damage  to  vegetation  (especially  forest  and  timberland),  from  exposure  to 
high  levels  of  chlorides. 

An  oil  production  unit  operated  by  Mr.  J.  C.  Langley  was  discharging  oil  and  produced  water  in 
large  quantities  onto  the  property  of  Mr.  Helvin  Dunn  and  Mr.  U.  C    Shaw.    The  oil  and  produced 
water  discharge  allegedly  caused  severe  damage  to  the  property,  interfered  with  livestock  on  the 
property,  and' delayed  construction  of  a  planned  lake.    Mr.  Dunn  had  spoken  repeatedly  with  a 
company  representative  operating  the  facility  concerning  the  oil  and  produced  water  discharge, 
but  no  changes  occurred  in  the  operation  of  the  facility.  A  complaint  was  made  to  Arkansas 
Department  of  Pollution  Control  and  Ecology  (ADPCE).  the  operator  was  informed  of  the  situation, 
and  the  facility  was  brought  into  compliance.     Mr.  Dunn  then  hired  a  private  attorney  in  order 
that  remedial  action  be  taken.    It  is  not  known  whether  the  operator  cleaned  up  the  damaged 
property.33     ( AR  07)34 

This  discharge  was  in  violation  of  Arkansas  regulations. 

On  September  20,  1984,  an  anonymous  complaint  was  filed  with  ADPCE  concerning  the  discharge  of 
oil  and  produced  water  in  and  near  Smackover  Creek  from  production  units  operated  by  J.  S.  Beebe 
Oil  Account.    Upon  investigation  by  ADPCE.  it  was  found  that  saltwater  was  leaking  from  a  salt 
water  disposal  well  located  on  the  site.    Mr.  Beebe  wrote  a  letter  stating  his  willingness  to 
correct  the  situation.    On  November  16.  1984.  the  site  was  again  investigated  by  ADPCE.  and  it 
was  found  that  pits  on  location  were  being  used  as  the  primary  disposal  facility  and  -ere 


33  API  states  that  this  incident  constituted  a  spill  and  is  therefore  a  non-RCRA  issue. 

34  References  for  case  cited:    Arkansas  Department  of  Pollution  Control  and  Ecology  (ADPCE) 
Complaint  form,  #EL  1721,  5/14/84.    Letter  from  Michael  Landers,  attorney  to  Mr.  Dunn,  requesting 
investigation  from  Wayne  Thomas  concerning  Langley  violations.    Letter  from  J.  C.  Langley  to  Wayne 
Thomas,  AOPCE,  denying  responsibility  for  damages  of  Dunn  and  Shaw  property,  6/5/84.  Certified 
letter  from  Wayne  Thomas  to  J.  C.  Langley  discussing  violations  of  facility  and  required  remedial 
actions,  5/30/87.    Map  of  violation  area.  5/29/84.    ADPCE  oil  field  waste  survey  documenting 
unreported  oil  spill  on  Langley  unit,  5/25/84.    Letter  from  Michael  Landers,  attorney  to  ADPCE, 
discussing  damage  to  property  of  Ounn  and  Shaw,  5/11/84. 


IV-35 


overflowing  and  leaking  into  Smackover  Creek.    The  ADPCE  issued  a  Notice  of  Violation  (LIS 
64-066)  and  noted  that  the  pits  were  below  the  creek  level  and  overflowed  into  the  creek  when 
heavy  rains  occurred.    One  pit  was  being  siphoned  over  the  pit  wall,  while  waste  from  another 
PU  was  flowing  onto  the  ground  through  an  open  pipe.    The  floors  and  walls  of  the  pits  were  ■ 
saturated,  allowing  seepaqe  of  waste  from  the  pits.    ADPCE  ordered  Mr.  Beebe  to  shut  down 


production  and  clear,  up  the  site  and  fined  him  $10,500.    (AR  10Y 

These  discharges  were  occurring  in  violation  of  Arkansas  regulations. 

The  State  of  Arkansas  has  limited  resources  for  inspecting  disposal 
facilities  associated  with  oil  and  gas  production.    (See  Table  VII-7.) 
Furthermore,  the  two  State  agencies  responsible  for  regulating  oil  and 
gas  operations  (the  Arkansas  Oil  and  Gas  Commission  (OGC)  and  the 
Arkansas  Department  of  Pollution  Control  and  Ecology  (ADPCE) )  have 
overlapping  jurisdictions.     In  the  next  case,  the  landowner  is  the 
Arkansas  Game  and  Fish  Commission,  which  attempted  to  enforce  a  permit  it 
issued  to  the  operator  for  drilling  activity  on  the  Commission's  land. 
As  of  summer  1987,  no  permit  had  been  'issued  by  either  the  OGC  or  the 
ADPCE. 

In  1983  and  agam  in  1965,  James  H.  Roberson,  an  oil  and  gas  operator,  was  given  surface 
access  by  the  Arkansas  Game  and  Fish  Cotmission  for  drilling  in  areas  in  the  Sulphur  River 
Wildlife  Management  Area  ( SRWMA) ,  but  was  not  issued  a  drilling  permit  by  either  of  the  State 
agencies  that  share  jurisdiction  over  oil  and  gas  operations.    Surface  rights  are  owned  by  the 
Arkansas  Game  and  Fish  Comnission.    The  Commission  attempted  to  write  its  own  permits  for  this 
operation  to  protect  the  wildlife  management  area  resources.    Mr.  Roberson  repeatedly  violated 
the  requirements  contained  in  these  surface. use  permits,  and  the  Comnission  also  determined  that 
he  was  in  violation  of  general  State  and  Federal  regulations  applicable  to  his  operation  in  the 
absence  of  OGC  or  ADPCE  permits.    These  violations  led  to  release  of  oil  and  high-chloride 
produced  water  into  the  wetland  areas  of  the  Sulphur  River  and  Mercer  Bayou  from  a  leaking 
saltwater  disposal  well  and  illegal  produced  water  disposal  pits  maintained  by  the  operator. 


35    References  for  case  cited:    ADPCE  complaint  form  #EL  1792.  9/20/84,  and  8/23/84.  ADPCE 
inspection  report.  9/5/84.    Letter  from  ADPCE  to  J.  S.  Beebe  outlining  first  run  of  violations. 
9/6/84.    Letter  stating  willingness  to  cooperate  from  Seebe  to  ADPCE.  9/14/84.    ADPCE  complaint  form 
»EL  1789.  9/19/84.    ADPCE  inspection  report,  9/25  and  9/26/84.    ADPCE  complaint  form  #EL  1822, 
11/16/84.    ADPCE  Notice  of  Violation,  Findings  of  Fact.  Proposed  Order  and  Civil  Penalty  Assessment, 
11/21/84.    Map  of  area.    Miscellaneous  letters. 


IV-36 


Oil  and  saltwater  damage  to  the  area  was  documented  in  a  study  conducted  by  Hugh  A.  Johnson, 
Ph.D.,  a  professor  of  biology  at  Southern  Arkansas  University.    His  study  mapped  chloride  levels 
around  each  well  site  and  calculated  the  affected  area.    The  highest  chloride  level  recorded  in 
the  wetland  was  9P000  ppm  (native  vegetation  begins  to  be  stressed  from  exposure  to  250  ppm 
chlorides).    He  found  that  significant  areas  around  each  well  site  had  dead  or  stressed 
vegetation  related  to  excessive  chloride  exposure.    The  Game  and  Fish  Commission  fears  that 
continued  discharges  of  produced  water  and  oil  in  this  area  will  threaten  the  last  remaining 
forest  land  in  the  Red  River  bottoms.35     (AR  04)37 

These  discharges  were  in  violation  of  State  and  Federal  regulations. 

Jurisdiction  in  the  above  case  is  unclear.    Under  a  1981  amendment  to 
the  State  Oil  and  Gas  Act,  OGC  was  granted  formal  permit  authority  over 
oil  and  gas  operations,  but  this  authority  is  to  be  shared  in  certain 
situations  with  the  ADPCE.    Jurisdiction  is  to  be  shared  where  Underground 
Injection  Control  (UIC)  wells  are  concerned,  but  is  not  clearly  defined 
with  respect  to  construction  or  management  of  reserve  pits  or  disposal  of 
drilling  wastes,    ADPCE  has  made  attempts  to  clarify  the  situation  by 
issuing  informal  letters  of  authorization  to  operators,'  but  these  are  not 
universally  recognized  throughout  the  State.    (A  full  discussion  of  this 
issue  can  be  found  in  Chapter  VII  and  in  Appendix  A.J 


API  states  that  the  Arkansas  Water  and  Air  Pollution  Act  gives  authority  at  several 
levels  to  require  cleanup  of  these  illegal  activities  and  to  prevent  further  occurrences.  EPA 
believes  that  even  though  State  and  Feoera 1  Laws  exist  which  prohibit  this  type  of  activity,  no 
mechanism  for  enforcement  is  in  place. 

*     References  for  case  cited:    Letter  from  Steve  forsythe.  Department  of  the  Interior 
t  DO  J  J  P  to  Pat  Stevens.  Army  Corps  of  Engineers  (ACE) ,  stating  that  activities  of  Mr.  ftoberson  have 
resulted  in  significant  adverse  environmental  impacts  and  disruptions  and  that  D01  recommends 
remedial  action  be  taken.    Chloride  Analysis  of  Soil  and  Water  Samples  of  Selected  Sites  in  Miller 
County,  Arkansas,  by  Hugh  A.  Johnson,  Ph.D.,  10/22/85.    Letter  to  Pat  Stevens,  ACE,  from  Dick 
Whitt ington,  EPA,  discussing  damages  caused  by  Jimmy  Roberson  in  Sulphur  River  Wildlife  Management 
Area  (SRVMA)  and  recommending  remedial  action  and  denial  of  new  permit  application,    Oil  and  Gas 
well  drilling  permits  dated  1983  and  1985  for  Roberson  activities,    A  number  of  letters  and 
complaints  addressing  problems  in  SRWMA  resulting  from  activities  of  James  Roberson.  Photographs. 
Maps. 
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Improperly  Operated  Injection  Wells 


Improper  operation  of  injection  wells  raises  the  potential  for 
long-term  damage  to  ground-water  supplies,  as  the  following  case  from 
Arkansas  illustrates. 

On  September  19.  1984.  Mr.  James  Tribble  made  a  complaint  to  the  Arkansas  Department  of 
Pollution  Control  and  Ecology  concerning  salt  water  that  was  coming  op  out  of  the  ground  in  his 
yard,  killing  his  grass  and  threatening  his  water  well.    There  are  many  oil  wells  in  the  area, 
and  water  flooding  is  a  cortinon  enhanced  recovery  method  at  these  sues.    Upon  inspection  of  the 
wells  nearest  to  his  residence,  it  was  discovered  that  the  operator,  J.  C.  McLain,  was  injecting 
salt  water  into  an  unpermitted  well.    The  salt  water  was  being  injected  into  the  casing,  or. 
annulus.  not  into  tubing.    Injection  into  the  unsound  casing  allegedly  allowed  migration  into 
the  freshwater  zone.    A  proouced  water  pit  at  the  same  site  was  near  overflowing.  State 
inspectors  later  noted  in  a  followup  inspection  that  the  violations  had  been  corrected.    No  fine 
was  levied,     t AR  12)  38 

Operation  of  this  well  would  now  be  in  violation  of  UIC  requirements. 


MIDWEST 

The  Midwest  zone  includes  the  States  of  Michigan,  Iowa,  Indiana, 
Wisconsin,  Illinois,  and  Missouri.    Damage  cases  were  collected  in 
Michigan. 

Operations 

Michigan  produces  both  oil  and  gas  from  limestone  reef  formations  at 
sites  scattered  throughout  the  State  at  a  depth  of  4,000  to  6,000  feet. 


38    References  for  case  cited:    ADPCE  Complaint  form.  #EL  1790,  9/19/84.    ADPCE  inspection 
report,  9/30/84.    Letter  from  ADPCE  to  Mr.  J.  C.  McLain  describing  violations  and  required 
corrective  action,  9/21/84.    ADPCE  reinspection  report,  10/11/84. 
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Oil  and  gas  development  is  relatively  new  in  this  area,  and  most 
production  is  primary  (that  is,  as  yet  it  involves  no  enhanced  or 
secondary  recovery  methods,  such  as  water  flooding).    Exploration  in 
Michigan  is  possibly  the  most  intense  currently  under  way  anywhere  in  the 
country.    The  average  depth  of  new  wells  drilled  in  1985  was  4,799  feet. 
In  that  year  863  wells  were  completed,  of  which  441  were  exploration 
wel 1 s . 

Types  of  Operators 

Operators  in  Michigan  include  everything  from  small  independent 
companies  to  the  major  oil  companies. 

Major  Issues 

Ground-Water  Contamination  in  Michigan 

All  the  damage  cases  gathered  in  Michigan  are  based  on  case  studies 
written  by  the  Michigan  Geological  Survey,  which  regulates  oil  and  gas 
operations  in  the  State*    All  of  these  cases  deal  with  ground  water 
contamination  with  chlorides.    While  the  State  has  documented  that 
damages  have  occurred  in  all  cases >  sources  of  damages  are  not  always 
evident-    Usually,  several  potential  sources  of  contamination  are  listed 
for  each  case,  and  the  plume  of  contamination  is  defined  by  using 
monitoring  wells.    Most  of  the  cases  involve  disposal  of  produced  waters. 

In  June  1983,  a  water  well  owned  by  Mrs.  Geneva  Brown  was  tested  after  she  had  filed  a 
complaint  to  the  Michigan  Geological  Survey,    After  responding,  the  Michigan  Geological  Survey 
found  a  chloride  concentration  of  490  ppm  in  the  water.    Subsequent  sampling  from  the  water  well 
of  a  neighbor.  Mrs,  Dodder,  showed  that  her  well  measured  760  ppm  chloride  in  August.    There  are 
a  total  of  15  oil  and  gas  wells  in  the  area  surrounding  the  contaminated  water  wells.    Only  five 
of  the  wells  are  still  producing*  recovering  a  combination  of  oil  and  produced  water.  The 
source  of  the  pollution  was  evidently  the  H .  E-  Trope.  Inc.,  crude  oil  separating  facilities  and 
brine  storage  tanks  located  upgradient  from  the  contaminated  water  wells.    Monitoring  wells  were 
installed  to  confirm  the  source  of  the  contamination.  Stiff  diagrams  were  used  to  confirm  the 
similarity  of  the  constituents  of  the  formation  brine  and  the  chloride  contamination  of  the 
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affected  water  wells.    Sample  results  located  two  plumes  of  chloride  contamination  ranging  in 
concentration  from  550  to  1,800  ppm  that  are  traveling  in  a  southeasterly  direction  downgradient 
from  the  produced  water  storage  tanks  and  crude  oil  separator  facilities  owned  by  H.E,  Trope. 
[HI  05)39 

Produced  water  spills  from  production  facilities  are  covered  by 
Michigan  regulations. 

Ground-water  contamination  in  the  State  has  also  been  caused  by 
injection  wells,  as  illustrated  by  the  following  case: 

In  April  1980.  residents  of  Green  Ridge  Subdivision,  located  in  Section  15.  Laketon  Township, 
Muskegon  County,  complained  of  bad-tasting  water  from  their  domestic  water  wells.    Some  wells 
sampled  by  the  local  health  department  revealed  elevated  chloride  concentrations.    Because  of  the 
proximity  of  the  Laketon  Oil  Field,  an  investigation  was  started  by  the  Michigan  Geological 
Survey.    The  Laketon  Oil  Field  consists  of  dry  holes,  producing  oil  wells,  and  a  produced  water 
disposal  well,  tne  Harris  Oil  Corp.  Lappo  #1.    Oil  wells  produce  a  mixture  of  oil  and  produced 
water.    The  produced  water  is  separated  and  disposed  of  by  gravity  in  the  produced  water  disposal 
well  and  is  then  placed  back  in  the  producing  formation.    After  reviewing  monitoring  well  and 
electrical  resistivity  survey  data,  the  Michigan  Geological  Survey  concluded  that  the  source  of  the 
contamination  was  the  Harris  Oil  Corp.  Lappo  #1  produced  water  disposal  well,  which  was  being 
operated  in  violation  of  UlC  regulations.    (Ml  06) 

This  disposal  well  was  being  operated  in  violation  of  State 
regulations. 

Damage  to  ground  water  under  a  drill  site  can  occur  even  where 
operators  take  special  precautions  for  drilling  near  residential  areas. 
An  example  follows: 


39  References  for  case  cited:    Open  file  report.  Michigan  Department  of  Natural  Resources, 
Investigation  of  Salt-Contaminated  Groundwater  in  Cat  Creek  Oil  Field.  Hersey  Township,  conducted  by 
0.  W.  Forstat,  1984.    Appendix  includes  correspondence  relating  to  investigation,  area  water  well 
drilling  logs.  Stiff  diagrams  and  water  analysis,  site  monitor  well  drilling  logs,  and  water  sample 
analysis  for  samples  used  in  the  investigation. 

40  References  for  case  cited:    Open  file  report.  Michigan  Department  of  Natural  Resources, 
Investigation  of  Salt-Contaminated  Groundwater  in  Green  Ridge  Subdivision,  Laketon  Township, 
conducted  by  B,  P.  Shirey.  1980.    Appendix  includes  correspondence  relating  to  investigation,  area 
water  well  drilling  logs.  Stiff  diagrams  and  water  analysis,  site  monitor  well  drilling  logs,  and 
water  sample  analysis  for  samples  used  in  the  investigation. 
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Drilling  operations  at  the  Burke  Unit  *\  caused  the  temporary  chloride  contamination  of  two 
Ccroest  ic  water  wells  and  longer  lasting  chloride  contamination  of  a  third  well  closer  to  the  drill 
sue.    The  operation  was  carried  out  in  accordance  with  State  regulations  and  special  site 
restrictions  required  for  urban  areas,  using  rig  engines  equipped  with  mufflers,  steel  mud  tanks 
for  containment  of  drilling  wastes,   lining  for  earthen  pus  that  may  contain  salt  water,  and  the 
placement  of  a  conductor  casing  to  a  depth  of  120  feet  to  isolate  the  well  from  the  freshwater  zone 
beneath  the  rig. 

The  drilling  location  is  underlain  by  permeable  surface  sandf  with  bedrock  at  a  depth  of  less 
than  50  feet.    Contamination  of  the  ground  water  may  have  occurred  when  material  flushed  from  the 
mud  tanks  remained  in  the  lined  pit  for  13  days  before  removal,    (The  material  contained  high 
levels  of  chlorides,  and  liners  can  leak.)    According  to  the  State  report,  this  would  have  allowed 
for  sufficient  time  for  contaminants  to  migrate  into  the  freshwater  aquifer.    A  leak  from  the 
produced  water  storage  tank  was  also  reported  by  the  operator  to  have  occurred  before  the 
contamination  was  detected  in  the  water  wells.    One  shallow  well  was  less  than  100  feet  directly 
east  of  the  drill  pit  area  and  100  to  150  feet  southeast  of  the  produced  water  leak  site.  Chloride 
concentrations  in  this  well  measured  by  the  Michigan  Geological  Survey  were  found  to  range  from  750 
(9/5/75)  to  1,325  (5/23/75)  ppm.  By  late  August,  two  of  the    wells  had  returned  to  normal,  while 
the  third  well  still  measured  28  times  its  original  background  concentration  of  chloride.  (MI 
04)^ 

In  this  case,  damages  resulted  from  practices  that  are  not  in  violation 
of  State  regulations. 

PLAINS 

The  Plains  zone  includes  North  Dakota,  South  Dakota,  Nebraska,  and 
Kansas.    All  of  these  States  have  oil  and  gas  production,  but  for  this 
study,  Kansas  was  the  only  State  visited  for  damage  case  collection. 
Discussion  is  limited  to  that  State. 


41    References  for  case  cited:    Open  file  report,  Michigan  Department  of  Natural  Resources, 
Report  on  Ground-Water  Contamination,  Sullivan  and  Company,  J.0.  Burke  No.  1,  Pennfield  Township, 
conducted  by  J.  R.  Byerlay,  1976.    Appendix  includes  correspondence  relating  to  investigation,  area 
water  well  drilling  logs,  Stiff  diagrams  and  water  analysis,  site  monitor  well  drilling  logs,  and 
water  sample  analysis  for  samples  used  in  the  investigation. 
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Operations 

Oil  and  gas  production  in  Kansas  encompasses  a  wide  geographical  area 
and  ranges  from  marginal  oil  production  in  the  central  and  eastern  portions 
of  the  State  to  significant  gas  production  in  the  western  portion  of  the 
State.     Kansas  is  the  home  of  one  of  the  largest  gas  fields  in  the  world, 
the  Giant  Hugoton  field.    Other  major  areas  of  oil  production  in  Kansas 
include  the  Central  Kansas  Uplift  area,  better  known  as  the  "Kansas  Oil 
Patch,"  the  El  Dorado  Field  in  the  east  and  south,  and  the  Eastern  Kansas 
Shoestring  sandstone  area.    The  Eastern  Kansas  Shoestring  sandstone 
production  area  is  composed  mainly  of  marginal  stripper  operations.  The 
overall  ratio  of  produced  water  to  oil  in  Kansas  is  about  40:1,  but  the 
ratio  varies  depending  on  economic  conditions,  which  may  force  the  higher 
water-to-oil  ratio  wells  (i.e.,  those  in  the  Hississippian  and  Arbuckle 
producing  formations)  to  shut  down. 

The  average  depth  of  a  new  well  drilled  in  Kansas  in  1985  was  3,770 
feet.    In  that  year  6,025  new  wells  were  completed.    Of  those,  1,694  were 
exploratory. 

Types  of  Operators 

Operators  in  Kansas  include  the  full  range  from  majors  to  small 
independents.    The  Hugoton  area  is  dominated  by  majors  and  mid-sized  to 
large  independents.    Spotty  oil  production  in  the  northern  half  of  eastern 
Kansas  is  dominated  by  small  independent  producers,  and  oil  production  is 
densely  developed  in  the  southern  half. 
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Major  Issues 


Poor  Lease  Maintenance 

There  are  documented  cases  in  Kansas  of  damage  associated  with 
inadequate  lease  maintenance  and  illegal  operation  of  pits.    These  cases 
commonly  result  in  contamination  of  soil  and  surface  water  with  high  levels 
of  chlorides  as  well  as  long-term  chloride  contamination  of  ground  water. 


Temple  Oil  Company  and  Wayside  Production  Company  operated  a  number  of  oil  production  leases 
in  Montgomery  County.    The  leases  were  operated  with  illegally  maintained  saltwater  containment 
ponds ,  improperly  abandoned  reserve  pits,  unapproved  emergency  saltwater  pits,  and  improperly 
abandoned  saltwater  pits.    Numerous  oil  and  saltwater  spills  were  recorded  during  operation  of 
the  sues.    Document  at  ion  of  these  incidents  started  in  1977  when  adjacent  landowners  began  to 
complain  about  soil  pollution,  vegetation  kills,  fish  kills,  and  pollution  of  freshwater  streams 
due  to  oil  and  saltwater  runoff  from  these  sites,    The  leases  also  contain  a  large  number  of 
abandoned,  unplugged  wells,  which  may  pose  a  threat  to  ground  water.        Complaints  were 
received  by  the  Conservation  Division,  Kansas  Department  of  Health  and  the  Environment  (KDHE). 
Montgomery  County  Sheriff,  and  Kansas  Fish  and  Game  Comnission..    A  total  of  39  violations  on 
these  leases  were  documented  between  1983  and  1984. 

A  sample  taken  by  KDHE  from  a  4  1/3-foot  test  hole  between  a  freshwater  pond  and  a  creek  on  one 
lease  showed  chloride  concentrations  of  65,500  ppm.  Water  samples  taken  from  pits  on  other 
leases  showed  chloride  concentrations  ranging  from  5,000  to  82.000  ppm. 

The  Kansas  Corporation  Comnission  (KCC)  issued  an  administrative  order  in  1984,  fining  Temple 
and  Wayside  a  total  of  $30,000.     Initially.  $25,000  was  collected,  and  the  operators  could 
reapply  for  licenses  to  operate  in  Kansas  in  36  months  if  they  initiated  adequate  corrective 
measures.     The  case  is  currently  m  private  litigation.    The  KCC  found  that  no  progress  had 
been  made  towards  bringing  the  leases  into  compliance  and.  therefore,  reassessed  the  outstanding 
$55 , 000  penalty.    The  KCC  has  since  sought  judical  enforcement  of  that  penalty  in  the  District 
Court,  and  a  journal  entry  has  been  signed  and  was  reviewed  by  the  KCC  and  is  now  ready  to  be 
filed  in  District  Court.    Additionally,  in' a  separate  lawsuit  between  the  landowners,  the 
lessors,  and  the  Temples  regarding  operation  of  the  leases,  the  landowners  were  successful  and 
the  leases  have  reverted  back  to  the  landowners.    The  new  operators  are  prevented  from  operating 
without  KCC  authority.    (K5  01)43 


42  Comments  in  the  Docket  by  the  Kansas  Corporation  Commission  (Beatrice  Stong)  pertain  to 
KS  01.    With  regard  to  the  abandoned  wells,  Kansas  Corporation  Commission  states  that  these  wel 
are  "...cemented  from  top  to  bottom..-",  they  have  "...limited  resource  energy..."  and  the  stat 
fluid  level  these  reservoirs  could  sustain  are  "...well  below  the  location  of  any  drinking  or  u 
water, " 

43  References  for  case  cited:  The  Kansas  Corporation  Commission  Court  Order  describing  the 
evidence  and  charges  against  the  Temple  Oil  Co,,  5/17/84. 
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This  case  represents  habitual  violation  of  Kansas  regulations. 


On  January  31    1=186.  the  Kansas  Department  of  Health  and  the  Environment  (KDHE)  inspected  the 
Reit;  lease  in  Montgomery  County,  operated  by  Mar, in  Harr  of  E1  Doraoo.  Arkansas.    The  lease 
included  an  unpermitted  emergency  pond  containing  water  that  had  56,500  ppm  chlorides.    A  large 
seeping  area  was  observed  by  KDHE  inspectors  on  the  south  side  of  the  pond,  allowing  the  flow  of 
salt  water  down  the  slope  for  about  30  feet.    The  company  was  notified  and  was  asked  to  apply 
for  a  permit  and  install  a  liner  because  the  pond  was  constructed  of  sandy  clay  and  sandstone. 
The  operator  was  directed  to  .mediately  empty  the  pond  and  backfill  it  if  a  liner  was  not 
installed     On  February  24,  the  lease  was  re  inspected  by  KDHE  and  the  emergency  pond  was  still 
full  and  actively  seeping.    It  appeareo  that  the  lease  had  been  shut  down  by  the  operator.  A 
"pond  oroer"  was  issued  by  KDHE  requiring  the  company  to  dram  and  backfill  the  pond.    On  April 
29,  the  pond  was  still  full  and  seeping. 

Water  samples  taken  from  the  pit  by  KDHE  showed  chloride  concentrations  of  from  30,500  ppm 
(4/29/66)  to  56,500  ppm  (1/31/66).  Seepage  from  the  pit  showed  chloride  concentrations  of  17.500 
ppm  (2/24/86).      The  Kansas  Department  of  Health  and  the  Environment  stated  that  "...the  use  of 
the  pond... has  caused  or  is  likely  to  cause  pollution  to  the  soil  and  the  waters  of  the  State." 
An  administrative  penalty  of  S500  was  assessed  against  the  operator,  and  it  was  ordered  that  the 
pond  be  drained  and  backfilled.    (ICS  08) 

This  activity  is  in  violation  of  current  Kansas  regulations. 

Such  incidents  are  a  recognized  problem  in  -Kansas.    On  May  13,  1987, 
the  Kansas  Corporation  (KCC)  added  new  lease  maintenance  rules  to  their 
oil  and  gas  regulations.    These  new  rules  require  permits  for  all  pits, 
drilling  and  producing,  and  require  emptying  of  emergency  pits  within  48 
hours.    Spills  must  now  be  reported  in  24  hours.    The  question  of  concern 
is  how  stringently  these  rules  can  be  enforced,  in  the  light  of  the 
evident  reluctance  of  some  operators  to  comply.    (See  Table  VII-7.) 


44  References  for  case  cited:  Kansas  Department  of  Health  and  Environment  Order  assessing 
civil  penalty,  in  the  matter  of  Marvin  Harr,  Case  No.  86-E-77.  6/10/86.  Pond  Order  issued  by 
Kansas  Department  of  Health  and  Environment,  in  the  matter  of  Marvin  Harr,  Case  Ho.  86-P0-00B, 
3/21/86. 
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Unlined  Reserve  Pits 


Problems  with  unlined  reserve  pits  are  illustrated  in  the  following 
cases . 

between  February  S  and  27.  1986.  the  Elliott  fl  was  drilled  on  the  property  of  Mr.  Lawrence 
koehling.    The  hulchinson  Salt  member,  an  underground  formation,  was  penetrated  curing  the 
drilling  of  Elliott  #1.    The  drilling  process  dissolved  between  100  and  200  cubic  feet  of  salt, 
which  was  disposed  of  in  the  unlined  reserve  pit.    The  reserve  pit  lies  200  feet  away  from  a 
well  used  by  Mr.  koenling  for  his  ranching  operations.    Within  a  few  weeks  of  the  drilling  of 
the  Elliott  H,  Mr.  Koeh ling's  nearby  well  began  to  pump  water  containing  a  saltwater  drilling 
fluid. 

Ground  water  on  the  koehling  ranch  has  been  contaminated  with  high  levels  of  chlorides  allegedly 
because  of  leaching  of  the  reserve  pit  fluids  into  the  ground  water.    Water  samples  taken  from 
the  Koehling  livestock  water  well  by  the  KCC  Conservation  Division  showed  a  chloride 
concentration  of  15S0  rag/L .    Background  concentrations  of  chlorides  were  in  the  range  of  100  to 
ISO  ppm.    It  is  stated  in  a  KCC  report,  dated  November  1986,  that  further  movement  of  the 
saltwater  plume  can  be  anticipated,  thus  polluting  the  Koehling  domestic  water  well  and  the 
water  well  used  by  a  farmstead  over  1  mile  downstream  from  the  koehling  ranch.     It  is  also 
stated  in  this  kCC  report  that  other  wells  drilled  in  the  area  using  unlined  reserve  pits  would 
have  similarly  affected  the  groundwater . 

The  KCC  now  believes  the  source  of  ground-water  contamination  is  not  the  reserve  pit  from  the 
Elliott  fl.    The  kCC  has  drilled  two  monitoring  wells,  one  10  feet  from  the  edge  of  the  reserve 
pit  location  and  the  other  within  400  feet  of  the  affected  water  well,  between  the  affected  well 
and  the  reserve  pit.    The  monitoring  well  drilled  10  feet  from  the  reserve  pit  site  tested  60 
?pm  chlorides.     (EPA  notes  that  it  is  not  known  if  this  monitoring  well  was  located  upgradient 
from  the  reserve  pit.)    The  monitoring  well  drilled  between  the  affected  well  and  the  reserve 
pu  tested  750  ppm  chlorides.    (EPA  notes  that  the  level  of  chlorides  in  this  monitoring  well  is 
more  than  twice  the  level  of  chlorides  allowed  under  the  EPA  drinking  water  standards).  The 
case  is  still  open,  pending  further  investigation.    EPA  believes  that  the  evidence  presented  to 
date  does  not  refute  the  earlier  KCC  report,  which  cited  the  reserve  pit  as  the  source  of 
ground-water  contamination,  since  the  recent  KCC  report  does  not  suggest  an  alternative  source 
of  contamination.    (KS  05) 

Unpermitted  reserve  pits  are  in  violation  of  current  Kansas 
regulations. 


45  References  for  case  cite*  Sugary  Report,  Koehling  Water  Well  Pollution.  22-10-15W. 
KCC.  Conservation  Division.  Jim  Schoof .  Chief  Engineer,  11/86. 
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Mr.  Leslie,  a  private  lancowner  in  Kansas,  suspected  that  chloride  contamination  of  a  natural 
spring  occurred  as  a  result  of  the  presence  of  an  abandoned  reserve  pit  used  when  Western 
Drilling  Inc.  drilled  a  well  (Leslie  #1)  at  the  Leslie  Farm.  Drilling  in  this  area  required 
penetration  of  the  Hutchinson  Salt  member,  during  which  200  to  400  cubic  feet  of  rock  salt  was 
dissolved  and  discharged  into  the  reserve  pit.    The  ground  in  the  area  consists  of  highly 
unconsolidated  soils,  which  would  allow  for  migration  of  pollutants  into  the  ground  water. 
Water  at  the  top  of  the  Leslie  #1  had  a  conductivity  of  5,0SQ  umhos.    Conductivity  of  the  spring 
water  equaled  7.250  umhos.    As  noted  by  the  KCC,  "very  saline  water"  was  coming  out  of  the 
springs     Conductivity  of  2,000  umhos  will  damage  soil,  precluding  growth  of  vegetation.  No 
fines  were  levied  in  this  case  as  there  were  no  violations  of  State  rules  and  regulations.  Tne 
Leslies  filed  suit  in  civil  court  and  won  their  case  for  a  total  of  $11,000  from  the  oil  and  gas 


operator.46     (RS  03)47 

Current  Kansas  regulations  call  for  a  site-by-site  evaluation  to 
determine  if  liners  for  reserve  pits  are  appropriate. 

Problems  with  Injection  Wells 

Problems  with  injection  wells  can  occur  as  a  result  of  inadequate 
maintenance,  as  illustrated  by  the  following  case. 

On' July  12,  1981 ,  the  Kansas  Department  of  Health  and  the  Environment  (KDKE)  received  a 
complaint  from  Albert  Richmeier,  a  landowner  operating  an  irrigation  well  in  the  South  Solomon 
River  valley,     rns  irrigation  well  had  encountered  saUy  water.    An  irrigation  well  belonging  to 
an  adjacent  landowner,  L.  H.  Paxson,  had  become  salty  in  the  fall  of  1980,    Oil  has  been 
produced  in  the  area  since  1952.  and  since  1962  secondary  recovery  by  water  flooding  has  been 
used.    Upon  investigation  by  the  KDHl ,  it  was  discovered  that  the  cause  of  the  pollution  was  a 
saltwater  injection  well  nearby,  operated  by  Petro-Lewis,    A  casing  profile  caliper  log  was  run 
by  an  operator-contractor  under  the  direction  of  K0HE  staff,  which  revealed  numerous  holes  in 
the  casing  of  the  injection  well.    The  producing  formation,  the  Kansas  C ity-Lansing .  requires  as 
much  as  800  psi  at  the  wellhead  while  injecting  fluid  to  create  a  profitable  enhanced  oil 
recovery  project.    To  remediate  the  contamination,  the  alluvial  aquifer  was  pumped,  and  the 
initial  chloride  concentration  of  6,000  mg/L  was  lowered  to  600  to  700  mg/L  in  a  year's  time. 
Chloride  contamination  in  some  areas  was  lowered  from  10,000  mg/L  to  near  background  levels. 
However (  a  contamination  problem  continues  in  the  Paxson  well,  which  shows  chlorides  in  the 
range  of  1,100  mg/L  even  though  KDHE,  through  pumping,  has  tried  to  reduce  the 


46  API  states  that  kDHE  had  authority  over  pits  at  this  time.  The  KCC  now  requires  permits 
for  such  pits. 

47  Reference  for  case  cited:    Final  Report,  Gary  Leslie  Saltwater  Pollution  Problem, 
kingman  County,  kCC  Conservation  Division,  Jim  Schoof,  Chief  Engineer,  9/86.    Contains  letters, 
memos,  and  analysis  pertaining  to  the  case. 
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concentration.    After  attempts  at  repair.  Petro-lewis  decided  to  plug  the  injection 
we)l.4S     (KS  06)49 

Operation  of  such  a  well  would  violate  current  Kansas  and  UIC 
regul at  ions . 

TEXAS /OKLAHOMA 

The  Texas/Oklahoma  zone  includes  these  two  States,  both  of  which  are 
large  producers  of  oil  and  gas.    As  of  December  1986,  Texas  ranked  as  the 
number  one  producer  in  the  U.S.  among  all  oil-producing  States.  Because 
of  scheduling  constraints,  research  on  this  zone  concentrated  on  Texas, 
and  most  of  the  damage  cases  collected  come  from  that  State. 

Operations 

Oil  and  gas  operations  in  Texas  and  Oklahoma  began  in  the  1860s  and 
are  among  the  most  mature  and  extensively  developed  in  the  U.S.  These 
two  States  include  virtually  all  types  of  operations,  from  large-scale 
exploratory  projects  and  enhanced  recovery  projects  to  marginal 
small-scale  stripper  operations.    In  fact,  the  Texas/Oklahoma  zone 
includes  most  of  the  country's  stripper  well  production.    Because  of 
their  maturity,  many  operations  in  the  area  generate  significant 
quantities  of  associated  produced  water. 


43    Consents  in  the  Docket  by  the  KCC  (Bill  Bryson)  pertain  to  KS  06.    KCC  states  that  of 
the  affected  irrigation  wells,  one  is  "...back  in  service  and  the  second  is  approaching  near  normal 
levels  as  it  continues  to  be  pumped."     API  states  that  Kansas  received  primacy  for  the  UIC  program 
in  1984. 

"9    References  for  case  cited:    RKhmeier  Pollution  Study,    Kansas  Department  of  Health  and 
Environment.  G.  Blackburn  and  W.  R.  Bryson,  1983. 
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Development  of  oil  and  gas  reserves  remains  active.    In  1985,  some 
9,176  new  wells  were  completed  in  Oklahoma,  385  of  which  were  exploration 
wells.    In  Texas  in  the  same  year,  25,721  wells  were  completed  on  shore, 
3,973  of  which  were  exploration  wells.    The  average  depth  of  wells  in  the 
two  areas  is  comparable:  Oklahoma,  4,752  feet;  Texas,  4,877  feet. 
Because  the  scale  and  character  of  operations  varies  so  widely,  cases  of 
environmental  damage  from  this  zone  are  also  varied  and  are  not  limited 
to  any  particular  type  of  operation. 

Types  of  Operators 

Major  operators  are  the  principal  players  in  exploration  and 
development  of  deep  frontiers  and  capital-intensive  secondary  and 
tertiary  recovery  projects.    As  elsewhere,  the  major  companies  have  the 
best  record  of  compliance  with  environmental  requirements  of  all  types; 
they  are  least  likely  to  cut  corners  on  operations,  tend  to  use 
high-quality  materials  and  methods  when  drilling,  and  are  generally 
responsible  in  handling  well  abandonment  obligations. 

Smaller  independent  operators  in  the  zone  are  more  susceptible  to  , 
fluctuating  market  conditions.    They  may  lack  sufficient  capital  to 
purchase  first-quality  materials  and  employ  best  available  operating 
methods. 

Major  Issues 

Discharge  of  Produced  Water  and  Drilling  Muds  into  Bavs  and  Estuaries  of 
the  Texas  Gulf  Coast 

Texas  allows  the  discharge  of  produced  water  into  tidally  affected 
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estuaries  and  bays  of  the  Gulf  Coast  from  nearby  onshore  development. 
Cases  in  which  permitted  discharges  have  created  damage  include: 


In  Texas,  oil  and  gas  producers  operating  near  the  Gulf  Coast  are  permitted  to  discharge 
prcduced'water  into  surface  streams  if  they  are  found  to  be  tidal  ly  affected.    Along  with  the 
produced  water,  residual  production  chemicals  and  organic  constituents  may  be  discharged, 
including  lead,  zinc,  chromium,  barium,  and  water-soluble  polycyclic  aromatic  hydrocarbons 
(PAHs).    PAHs  are  known  to  accumulate  in  sediment,  producing  liver  and  lip  tumors  in  catfish  and 
affecting  mixed  function  oxidase  systems  of  manna  Is,  rendering  a  reduced  immune  response.  In 
1964.  a  study  conducted  by  the  U.S.  Fish  and  Wildlife  Service  of  sediment  in  Tabb's  Bay.  which 
receives  discharged  produced  water  as  well  as  discharges  from  upstream  industry  (i.e.. 
discharges  from  ships  in  the  Houston  Ship  Channel),  indicates  severe  degradation  of  the 
environment  by  PAH  contamination.    Sediment  was  collected  from  within  100  yards  of  several  tidal 
discharge  points  of  oil  field  produced  water.    Analytical  results  of  these  sediments  indicated 
severe  degradation  of  the  environment  by  PAH  contamination.    The  study  noted  that  sediments 
contained  no  benthie  fauna,  and  because  of  wave  action,  the  contaminants  were  continuously 
resuspendtd.  allowing  chronic  exposure  of  contaminants  to  the  water  column.    It  is  concluded  by 
the  U  S.  Fish  and  Wildlife  Service  that  shrimp,  crabs,  oysters,  fish,  and  fish-eating  birds  in 
this  location  have  the  potential  to  be  heavily  contaminated  with  PAHs.    While  these  discharges 
have  to  be  within  lexas  Water  Quality  Standards,  these  standards  are  for  conventional  pollutants 
and  do  not  consider  the  water  soluble  components  of  oil  that  are  in  produced  water  such  as 
PAHs.50  (TX  5S)B1 


50  NPOES  permits  have  been  applied  for.  but  EPA  has  not  issued  permits  for  these  discharges 
on  the  Sulf  Coast.    The  Texas  Railroad  Commission  [TRC)  issues  permits  for' these  discharges.  The 
TRC  disagrees  with  the  source  of  damage  in  this  case. 

51  References  for  case  cited:    Letter  from  U.S.  Department  of  the  Interior,  Fish  and 

Wildlife  Service,  signed  by  H.  Daie  Hall,  to  Railroad  Connission  of  Texas,  discussing  degradation  of 
Tabb's  Bay  because  of  discharge  of  produced  water  in  upstream  estuaries;  includes  lab  analysis  for 
polycyclic  aromatic  hydrocarbons  in  Tabb's  Bay  Sediment  samples.    Texas  Ra.Troad  Commssion  Proposal 
for  Decision  on  Petronilla  Creek  case  documenting  that  something  other  than  produced  water  is 
killing  aquatic  organisms  in  the  creek.    (Roy  Spears.  Texas  Parks  and  Wildlife,  did  LCSO  study  on 
sunfish  and  sheepshead  minnows  using  produced  water  and  Aranssas  Bay  water.    Produced  water  diluted 
to  proper  salinity  caused  mortality  of  50  percent.    (Seawater  contains  19.000  ppm  chlorides.) 
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These  discharges  are  not  in  violation  of  existing  regulations. 


Produced  water  discharges  contain  a  high  ratio  of  calcium  ions  to  magnesium  ions.    This  high- 
ratio  of  calcium  to  magnesia  has  been  found  by  Texas  Parks  and  Wildlife  officials  to  be  lethal 
to  connon  Atlantic  croaker,  even  when  total  salinity  levels  are  within  tolerable  limits.    In  a 
bioassay  study  conducted  by  Texas  Parks  and  Wildlife,  this  fish  was  exposed  to  various  ratios  of 
calcium  to  magnesium,  ana  it  was  found  that  in  96-hour  LCSO  studies,  mortality  was  50  percent 
when  exposed  to  calcium-magnesium  ratios  of  6:1.  the  natural  ratio  being  1:3.    Nearly  all  of  oil 
field  produced  water  discharges  on  file  with  the  Army  Corps  of  Engineers  in  Galveston  contain 
ratios  exceeding  the  6:1  ratio,  known  to  cause  mortality  in  Atlantic  croaker  as  established  by 
the  LCSO  test."     (TX  31  )53 

These  discharges  are  not  in  violation  of  current  regulations. 

Until  very  recently,  the  Texas  Railroad  Commission  (TRC)  allowed 
discharge  of  produced  water  into  Petronilla  Creek,  parts  of  which  are  20 
miles  inland  and  not  tidally  affected. 


For  over  SO  years,  oil  operators  (includvng  Texaco  and  Amoco)  have  been  allowed  to  discharge 
produced  water  into  Petronilla  Creek,  a  supposedly  tidally  influenced  creek.    Discharge  areas 
were  as  much  as  20  miles  inland  and  contained  fresh  water.    In  1981.  the  pollution  of  Petronilla 
Creek  from  discharge  of  produced  water  became  an  issue  when  studies  done  by  the  Texas  Parks  and 
Wildlife  and  Texas  Department  of  Water  Resources  documented  the  severe  degradation  of  the  water 
and  damage  to  native  fish  and  vegetation.  All  freshwater  species  of  fish  and  vegetation  were 
dead  because  of  exposure  to  toxic  constituents  in  discharge  liquid.    Portions  of 
the  creek  were  black  or  bright  orange  in  color.    Heavy  oil  slicks  and  oily  slime  were 
observable  along  discharge  areas. 

Impacts  were  observed  in  Baffin  Bay,  into  which  the  creek  empties.    Petronilla  Creek  is  the 
only  freshwater  source  for  Baffin  Bay.  which  is  a  nursery  for  many  fish  and  shellfish  in  the 
Sulf  of  Mexico.    Sediments  fn  Baffin  Bay  show  elevated  levels  of  toxic  constituents  found  in 
Petronilla  Creek.     For  S  years,  the  Texas  Department  of  Water  Resources  and  Texas  Parks  and 
Wildlife,  along  with  environmental  groups., worked  to  have  the  discharges  stopped.    In  1961,  a 
hearing  was  held  by  the  Texas  Railroad  Corrmission  (TRC).    The  conclusion  of  the  hearing  was  that 
discharge  of  the  produced  water  plus  disposal  of  other  trash  by  the  public  was  degrading 
Petronilla  Creek.    The  TRC  initiated  a  joint  comnittee  (Texas  Department  of  Water  Resources, 
Texas  Parks  and  Wildlife  Department,  and  TRC)  to  establish  the  source  of  the  trash,  clean  up 


52  API  coments  in  the  Docket  pertain  to  TX  31.    API  states  that  models  show  that  "...rapid 
mixing  in  Bay  waters  results  in  no  pollution  to  Bay  waters  as  a  whole  from  calcium  ions  or  from  the 
calcium-magnesium  ratio." 

53  References  for  case  cited;    Toxic  Effects  of  Calcium  on  the  Atlantic  Croaker;  An 
Investigation  of  One  Component  of  Oil  Field  Brine,  by  Kenneth  N.  Unudson  and  Charles  E.  Belaire, 
undated. 
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trash  from  the  creek,  and  conduct  additional  studies.    After  this  work  was  completed,  a  second 
hearing  was  held  in  1984.    The  creek  was  shown  to  contain  high  levels  of  chromium,  barium,  oil, 
grease,  and  EPA  priority  pollutants  naphthalene  and  benzene.    Oil  operators  stated  that  a  no 
dumping  order  would  put  them  out  of  business  because  oil  production  in  this  area  is  marginal. 
In  1986.  tne  TRC  ordered  a  halt  to  discharge  of  produced  water  into  nontidal  portions  of 
Petronilla  Creek.  [TX  29)54 

Although  discharges  are  now  prohibited  in  this  creek,  they  are 
allowed  in  other  tidally  affected  areas. 

Long-term  environmental  impacts  associated  with  this  type  of 
discharge  are  unknown,  because  of  limited  documentation  and  analysis. 
Bioaccumulation  of  heavy  metals  in  the  food  chain  of  estuaries  could 
potentially  affect  human  health  through  consumption  of  crabs,  clams,  and 
other  foods  harvested  off  the  Texas  Gulf  Coast. 

Alternatives  to  coastal  discharge  do  exist.    They  include  underground 
injection  of  produced  water  and  use  of  produced  water  tanks.    While  the 
Texas  Railroad  Commission  has  not  stopped  the  practice  of  coastal 
discharge,  it  is  currently  evaluating  the  need  to  preclude  this  type  of 
discharge  by  collecting  data  from  new  applications,  and  it  is  seeking 
delegation  of  the  NPDES  program  under  the  Federal  Clean  Water  Act.  The 
TRC  currently  asks  applicants  for  tidal  discharge  permits  to  analyze  the 
produced  water  to  be  discharged  for  approximately  20  to  25  constituents. 


54    References  for  case  cited:    The  Effects  of  Brine  Water  Discharges  on  Petronilla  Creek, 
Texas  Parks  and  Wildlife  Department,  1981.    Texas  Department  of  Water  Resources  interoffice 
memorandum  documenting  spills  in  Petronilla  Creek  from  1980  to  1983.    The  Influence  of  Oilfield 
Brine  Water  Discharges  on  Chemical  and  Biological  Conditions  in  Petronilla  Creek,  by  Frank  Shipley, 
Texas  Department  of  Water  Resources.  1964.    Letter  from  Dick  Whittington.  EPA,  to  Richard  lowerre, 
documenting  absence  of  NPDES  permits  for  discharge  to  Petronilla  Creek.    Final  Order  of  TRC,  bannin 
discharge  of  produced  water  to  Petronilla  Creek,  6/23/86.    Numerous  letters,  articles,  legal 
documents,  on  Petronilla  Creek  case. 
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Leaching  of  Reserve  Pit  Constituents  into  Ground  Water 

Leaching  of  reserve  pit  constituents  into  ground  water  and  soil  is  a 
problem  in  the  Texas/Oklahoma  zone.    Reserve  pit  liners  are  generally  not 
required  in  Texas  and  Oklahoma.    When  pits  are  constructed  in  permeable 
soil  without  liners,  a  higher  potential  exists  for  migration  of  reserve 
pit  constituents  into  ground  water  and  soil.    Although  pollutant 
migration  may  not  always  occur  during  the  active  life  of  the  reserve  pit, 
problems  can  occur  after  closure  when  dewatered  drilling  mud  begins  to 
leach  into  the  surrounding  soil.    Pollutants  may  include  chlorides, 
sodium,  barium,  chromium,  and  arsenic. 

On  November  20.  1981.  the  Michigan-Wisconsin  Pipe  Line  Company  began  drilling  an  oil  and  gas 
well  on  the  property  of  Ralph  and  Judy  Ualker.    Drilling  was  completed  on  March  27.  1982. 
Unlined  reserve  pits  were  used  at  the  drill  site-    After  2  months  of  drilling,  the  water  well 
used  by  the  Walkers  became  polluted  with  elevated  levels  of  chloride  and  barium  (683  ppm  and 
1.750  ppb.  respectively).    The  walkers  were  forced  to  haul  fresh  water  from  Elk  City  for 
household  use.  Ihe  Walkers  filed  a  complaint  with  the  Oklahoma  Corporation  Cormtission  (OCC),  and 
an  investigation  was  conducted.    The  Michigan-Wisconsin  Pipe  Line  Co.  was  ordered  to  remove  all 
drilling  mud  from  the  reserve  pit. 

In  the  end.  the  Walkers  retained  a  private  attorney  and  sued  Michigan-Wisconsin  for  damages 
sustained  because  of  migration  of  reserve  pit  fluids  into  the  freshwater  aquifer  from  which  they 
drew  their  domestic  water  supply.    The  Walkers  won  their  case  and  received  an  award  of 
$50. 000. 55     (OK  08 

Constructing  a  reserve  pit  over  a  fractured  shale,  as  in  this  case, 
is  a  violation  of  OCC  rules. 

In  1973.  Horizon  Oil  and  Gas  drilled  an  oil  well  on  the  property  of  Dorothy  Moore.    As  was  the 
common  practice,  the  reserve  pit  was  dewatered.  and  the  remaining  mud  was  buried  on  site.  In 
1985-86.  problems  from  the  buried  reserve  pit  waste  began  to  appear.    The  reserve  pit  contents 


55  API  states  that  the  Oklahoma  Corporation  Commission  is  in  the  process  of  developing 
regulations  to  prevent  leaching  of  salt  muds  into  ground  water. 

56  References  for  case  cited:    Pretrial  Order,  Ralph  Gail  Walker  and  Judy  Walker  vs. 
Michigan-Wisconsin  Pipe  Line  Company  and  Big  Chief  Drilling  Company.  U.S.  District  Court,  Western 
District  of  Oklahoma.  #ClV-82-1726-R.    Direct  Examination  of  Stephen  6.  McL in.  Ph.  0.  Direct 
Examination  of  Robert  Hall.    Direct  Examination  of  Laurence  Alatshuler,  M .  D.    Lab  results  from 
Walker  water  well. 
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were  seeping  into  a  nearby  creek  and  pond.    The  surrounding  soil  had  very  high  chloride 
content  as  established  by  Dr.  8)  lly  Tucker,  an  agronomist  and  soil  scientist.  Extensive  erosion 
around  the  reserve  pit  became  evident,  a  connon  problem  with  high-salinity  soil.    Oil  slicks 
were  visible  in  the  adjacent  creek  and  pond.    An  irrigation  well  on  the  property  was  tested  by 
Dr    Tucker  and  was  found  to  have  3000  ppm  chlorides;  however,  no  monitoring  wells  had  been 
drilled  to  test  the  ground  water  prior  to  the  drilling  of  the  01 1  well,  and  background  levels  of 
chlorides  were  not  established.    Dorothy  Moore  has  filed  civil  suit  against  the  operator  tor 
damages  sustained  during  the  oil  and  gas  drilling  activity.    The  case  is  pending. 
(OK  02)58 

Oklahoma  performance  standards  prohibit  leakage  of  reserve  pits  into 
ground  water. 

Chloride  Contamination  of  Ground  Water  from  Operation  of  Injection  Weils 

The  Texas/Oklahoma  zone  contains  a  large  number  of  injection  wells 
used  both  for  disposal  of  produced  water  and  for  enhanced  or  tertiary 
recovery  projects.    This  large  number  of  injection  wells  increases  the 
potential  for  injection  well  casing  leaks  and  the  possibility  of  ground 
water  contamination. 

The  Oevore  #1    a  saltwater  injection  well  located  on  the  property  of  Verl  and  Virginia 
Hentges.  was  drilled  in  1947  as  an  exploratory  well.    Shortly  afterwards,  it  was  permitted  by 
the  Oklahoma  Corporation  Commission  (OCC)  as  a  saltwater  injection  well.    The  injection 
formation,  the  Layton.  was  known  to  be  capable  of  accepting  80  barrels  per  hour  at  ISO  psi.  In 
1984    George  kahn  acquired  the  well  and  the  OCC  granted  an  exception  to  Rule  3-305.  Operating 
Requirements  for  Enhanced  Recovery  Injection  and  Disposal  Wells,  and  permitted  the  well  to 
inject  Z.000  barrels  per  day  at  400  psi.    later  m  1984.  it  appeared  that  there  was  saltwater 
migration  from  the  intended  injection  zone  of  the  Devore  #1  to  the  surface.  The 
Hentges  alleged  that  the  migrating  salt  water  had  polluted  the  ground  water  used  on  their 
ranch. 


57  m  coments  in  the  Docket  pertain  to  0k  02.    API  states  that  "...there  is  no  evidence 
that  there  has  been  any  seepage  whatsoever  into  surface  water."    API  states  that  there  are  no 
irrigation  wells  on  Mrs.  Moore's  farm.    Further,  it  states  that  erosion  has  been  occurring  for  years 
and  is  the  "    .result  of  natural  conditions  coupled  with  the  failure  of  Mrs.  Moore  to  repair 
terraces  to  prevent  or  limit  such  erosion."   API  has  not  provided  supporting  documentation. 

58  References  for  case  cited:    Extensive  soil  and  water  analysis  results  collected  and 
interpreted  by  Dr,  Billy  Tucker,  agronomist  and  soil  scientist,  Stillwater.  Okla.  Correspondence 
and  conversation  with  Randall  Wood,  private  attorney,  Stack  and  Barnes,  Oklahoma  City.  Okla. 

59  contents  by  API  in  the  Docket  pertain  to  OK  06.    API  states  that  "...tests  on  the  well 
pressure  test  and  tracer  logs  indicate  the  injection  well  is  not  a  source  of  salt  water."    API  has 
not  provided  documentation  with  this  statement. 
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In  addition,  they  alleged  that  the  migrating  salt  water  was  finding  its  way  to  the  surface  and 
polluting  Warren  Creek,  a  freshwater  stream  used  by  downstream  residents  for  domestic  water. 
Salt  water  discharged  to  the  surface  had  contaminated  the  soil  and  had  caused  vegetation  kills, 
A  report  by  the  OCC  concluded  that  "♦.♦the  Devore  #1  salt  water  disposal  well  operations  are 
responsible  for  the  contaminant  plume  in  the  adjacent  alluvium  and  streams,"    The  OCC  required 
that  a  workover  be  done  on  the  well.    The  workover  was  completed,  and  the  operator  continued  to 
dispose  of  salt  water  in  the  well*.    The  Hentges  then  sought  private  legal  assistance  and  filed  a 
lawsuit  against  George  kahn,  the  operator,  for  $300,000  in  actual  damages  and  $3,000,000  in 
punitive  damages.    The  lawsuit  is  pending,  scheduled  for  trial  in  October  1987, 
(Ok  06)  61 

Although  at  the  time,  the  OCC  permitted  injection  into  the  well  at 
pressures  that  may  have  polluted  the  ground  water,  Oklahoma  prohibits  any 
contamination  of  drinking-water  aquifers. 

Illegal  Disposal  of  Oil  and  Gas  Wastes 

Illegal  disposal  of  oil  and  gas  exploration  and  production  wastes  is 
a  common  problem  in  the  Texas/Oklahoma  zone.    Illegal  disposal  can  take 
many  forms,  including  breaching  of  reserve  pits,  emptying  of  vacuum 
trucks  into  fields  and  ditches,  and  draining  of  produced  water  onto  the 
land  surface.    Damage  to  surface  soil,  vegetation,  and  surface  water  may 
result  as  illustrated  by  the  examples  below. 

On  May  16.  1964.  Esenjay  Petroleum  Co,  had  completed  the  UW.  Bing  #1  well  at  a  depth  of  9.900 
feet  and  had  hired  T&L  Lease  Service  to  clean  up  the  drill  site.    During  cleanup,  the  reserve 
pH,  containing  high-chromium  drilling  mud,  was  breached  by  T&L  Lease  Service,  allowing  drilling 
rcud  to  flow  into  a  tributary  of  Hardy  Sandy  Creek.    The  drilling  mud  was  up  to  24  inches  deep 
along  the  north  bank  of  Hardy  Sandy.    Drilling  mud  had  been  pushed  into  the  trees  and  brush 
adjacent  to  the  drill  site.    The  spill  was  reported  to  the  operator  and  the  Texas  Railroad 
Commission  (TRC) .    The  TRC  ordered  cleanup,  which  began  on  Hay  20. 


60    API  states  that  the  operator  now  believes  old  abandoned  saltwater  pits  to  be  the  source 
of  contamination  as  the  well  now  passes  UIC  tests. 

51    References  for  case  cited:    Remedial  Action  Plan  for  Aquifer  Restoration  within  Section 
#2,  Township  21  North,  Range  2  West,  Noble  County,  Oklahoma,  by  Stephen  G.  McLin,  Ph.  D.  Surface 
Pollution  at  the  De  Vore  #1  Saltwater  Disposal  Site,  Oklahoma  Corporation  Commission,  1986. 
District  Court  of  Noble  County,  Amended  Petition,  Verl  E.  Hentges  and  Virginia  L .  Hentges  vs.  George 
Kahn,  fC -84-110,  7/25/85.    Lab  analysis  records  of  Oe  Vore  well  from  Oklahoma  Corporation  Commission 
and  Southwell  Labs.    Communication  with  Alan  OeVore,  plaintiffs'  attorney. 
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Because  of  high  levels  of  chromium  contained  in  the  drilling  mud,  warnings  were  issued  by  the 
Lavaca-Navidad  River  Authority  to  residents  and  lanoowners  downstream  of  the  spill  as  it 
represented  a  possible  health  hazard  to    cattle  watering  from  the  affected  streams.    The  River 
Authority  also  advised  against  eating  the  fish  from  the  affected  waters  because  of  the  high 
chromium  levels  in  the  drilling  mud.    (TX  21) 

This  discharge  was  a  violation  of  State  and  Federal  regulations. 

On  September  IS,  1983,  TXO  Production  Company  began  drilling  its  Dunn  Lease  Well  No.  B2  in 
Live  Oak  County.    On  October  5.  1983.  employees  of  TXO  broke  the  reserve  pit  levee  and  began 
spreading  drilling  mud  downhill  from  the  site,  towards  the  fence  line  of  property  owned  by  the 
Dunns.     By  October  9,  the  mud  had  entered  the  draw  that  flows  into  two  stock  tanks  on  the  Dunn 
property.    On  November  24  and  25.  dead  fish  were  observed  in  the  stock  tank.    On  December  17. 
Texas  Parks  and  Wildlife  documented  over  700  fish  killed  in  the  stock  tanks  on  the  Dunn 
property.    Despite  repeated  requests  by  the  Dunns,  TXO  did  not  clean  up  the  drilling  mud  and 
polluted  water  from  the  Dunn  property. 

Lab  results  from  TRC  and  Texas  Department  of  Health  indicated  that  the  spilled  drilling  mud  was 
high  in  levels  of  arsenic,  barium,  chromium,  lead,  sulfates,  other  metals,  and  chlorides,  in 
February  1984,  the  TRC  stated  that  the  stock  tanks  contained  unacceptable  levels  of  nitrogen, 
barium,  chromium,  and  iron,  and  that  the  chemicals  present  were  detrimental  to  both  fish  and 
livestock.    (The  Dunns  water  their  cows  at  this  same  stock  tank.)    After  further  analysis,  the 
TRC  issued  a  memorandum  stating  that  the  fish  had  died  because  of  a  cold  front  moving  through 
the  area    in  spite  of  the  fact  that  the  soil,  sediment,  and  water  in  and  around  the  stock  pond 
■contained  harmful  substances.    Ultimately.  TX0gwas  fined  $1,000  by  the  TRC.  and  TXO  paid  the 
Dunns  a  cash  settlement  for  damages  sustained.        (TX  22) 

This  activity  was  in  violation  of  Texas  regulations. 


62  deferences  for  case  cited:    Memorandum  from  Lavaca-Navidad  River  Authority  documenting 
events  of  Esenjay  reserve  pit  discharge.  6/27/84.  signed  by  J.  Henry  Neason.    Letter  to  TRC  from 
Lavaca-Navidad  River  Authority  thanking  the  TRC  for  taking  action  on  the  Esenjay  case.  "Thanks  to 
your  enforcement  actions,  we  are  slowly  educating  the  operators  in  this  area  on  how  to  work  within 
the  law  "    Agreed  Order,  Texas  Railroad  Commission.  *2-83.043,  11/12/84.  fining  Esenjay  $10,000  for 
deliberate  discharge  of  drilling  muds.    Letter  from  U.S.  EPA  to  TRC  inviting  TRC  to  attend  meeting 
with  Esenjay  Petroleum  to  discuss  discharge  of  reserve  pit  into  Hardy  Sandy  Creek,  6/1/84.  signed  by 
Thomas  S.  Giesberg.    Texas  Railroad  Commission  spill  report  on  Esenjay  operations,  5/18/84. 

63  API  states  that  the  fish  died  from  oxygen  depletion  of  the  water.    The  Texas  Railroad 
Conmission  believes  that  the  fish  died  from  exposure  to  cold  weather. 

64  References  for  case  cited:    Texas  Railroad  Commission  Motion  to  Expand  Scope  of  Hearing, 
^2-82  919    6/29/84.    Texas  Railroad  Conmission  Agreed  Order,  #2-82.919,  12/17/84.    Analysis  by  Texas 
Veterinary  Medical  Diagnostic  Laboratory  System  on  dead  fish  in  Dunn  stock  tank.    Water  and  soil 
sample  analysis  from  the  Texas  Railroad  Commission.    Water  and  soil  samples  from  the  Texas 
Department  of  Health.     Letter  from  Wendell  Taylor.  TRC,  to  Jerry  Mulhcan.  TRC.  stating  that  the 
fish  kill  was  the  result  of  cold  weather.  7/13/84.    Miscellaneous  letters  and  memos. 
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NORTHERN  MOUNTAIN 


The  Northern  zone  includes  Idaho,  Montana,  and  Wyoming.    Idaho  has  no 
commercial  production  of  oil  or  gas.    Montana  has  moderate  oil  and  gas 
production.    Wyoming  has  substantial  oil  and  gas  production  and  accounts 
for  all  the  damage  cases  discussed  in  this  section. 

Operations 

Significant  volumes  of  both  oil  and  gas  are  produced  in  Wyoming. 
Activities  range  from  small,  marginal  operations  to  major  capital-  and 
energy- intensive  projects.    Oil  production  comes  both  from  mature  fields 
producing  high  volumes  of  produced  water  and  from  newly  discovered 
fields,  where  oil/water  ratios  are  still  relatively  low.    Gas  production 
comes  from  mature  fields  as  well  as  from  very  large  new  discoveries. 

Although  the  average  new  well  drilled  in  Wyoming  in  1985  was  about 
7,150  feet,  exploration  in  the  State  can  be  into  strata  as  deep  as  25,000 
feet.    In  1985,  1,332  new  wells  were  completed  in  Wyoming,  of  which  541 
were  exploratory. 

Types  of  Operators 

Because  of  the  capital-intensive  nature  of  secondary  and  tertiary 
recovery  projects  and  large-scale  drilling  projects,  many  operations  in 
the  State  are  conducted  by  the  major  oil  companies.    These  companies  are 
likely  to  implement  environmental  controls  properly  during  drilling  and 
completion  and  are  generally  responsible  in  carrying  out  their  well 
abandonment  obligations.    Independents  also  operate  in  Wyoming,  producing 
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a  significant  amount  of  oil  and  gas  in  the  State.    Independent  operators 
may  be  more  vulnerable  to  fluctuating  market  conditions  and  may  be  more 
likely  to  maintain  profitability  at  the  expense  of  environmental 
protection. 

Major  Issues 

Illegal  Disposal  of  Oil  and  Gas  Wastes 

Wyoming  Department  of  Environmental  Quality  officials  believe  that 
illegal  disposal  of  wastes  is  the  most  pervasive  environmental  problem 
associated  with  oil  and  gas  operations  in  Wyoming,    Enforcement  of  State 
regulations  is  made  difficult  as  resources  are  scarce  and  areas  to  be 
patrolled  are  large  and  remote.    (See  Table  VI I -7.) 

Altex  Oil  Company  and  its  predecessors  have  operated  an  oil  production  field  for  several 
decades  south  of  Roiet.  Wyoming.    (Altex  purchased  the  property  in  1984.)    An  access  road  runs 
through  the  area,  which,  according  to  Wyoming  Department  of  Environmental  Quality  (WOEQ).  for 
years  was  used,  as  a  drainage  for  produced  water  from  the  oil  field  operations. 

In  August  of  1985,  an  official  with  WOEQ  collected  soil  samples  from  the  road  ditch  to  ascertain 
chloride  levels  because  it  had  been  observed  that  trees  and  vegetation  along  the  road  were  dead 
or  dying.    UDEO  analysis  of  the  samples  showed  chloride  levels  as  high  as  130,000  ppra.    The  road 
was  chained  off  in  October  of  1985  to  preclude  any  further  illegal  disposal  of  produced 
water.55     (WY  03)66 

In  early  October  1985,  Cities  Service  Oil  Company  had  completed  drilling  at  a  site  northeast 
of  Cheyenne  on  Highway  65.    The  drilling  contractor,  Z&S  Oil  Construction  Company,  was  suspected 
of  illegally  disposing  of  drilling  fluids  at  a  site  over  a  mile  away  on  the  Pole  Creek  Ranch, 
An  employee  of  Z6S  had  given  an  anonymous  Dp  to  a  County  detective.    A  state-out  of  the 


65   Cofiments  in  the  Docket  from  the  Wyoming  Oil  and  Gas  Conservation  Commission  (WOGCC)  (Mr. 
Don  Basko)  pertain  to  WY  03.    WOGCC  states  that  "...not  all  water  from  Altex  Oil  producing  wells... 
caused  the  contamination  problem."   Further.  WOGCC  states  that  "Illegal  dumping,  as  well  as  a  flow 
line  break  the  previous  winter,  had  caused  a  high  level  of  chloride  in  the  soil  which  probably 
contributed  to  the  sagebrush  and  cottonwood  trees  dying." 

65   References  for  case  cited:    Analysis  of  site  by  the  Wyoming  Department  of  Environmental 
Quality  (WOEQ),  Quality  Division  Laboratory.  File  *ej52179.  12/6/85.     Photographs  of  dead  and  dying 
cottonwood  trees  and  sagebrush  in  and  around  site.    Conversation  with  WOEQ  officials. 
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illegal  operation  was  made  with  law  enforcement  and  WDEQ  personnel.    Stake-out  personnel  took 
samples  and  photos  of  the  reserve  pit  and  the  dump  site.    During  the  stake-out,  vacuum  trucks 
were  witnessed  draining  reserve  pit  contents  down  a  slope  and  into  a  small  pond  on  the  Pole 
Creek  Ranch.    After  sufficient  evidence  had  been  gathered,  arrests  were  made  by  Wyoming  law 
enforcement  personnel,  and  the  trucks  were  impounded.    The  State  sued  Z&S  and  won  a  total  of 
110.000,     (WY  01)67 

This  activity  was  in  violation  of  Wyoming  regulations. 


During  the  week  of  April  6,  1985,  field  personnel  at  the  Byron/Garland  field  operated  by 
Marathon  Oil  Company  were  cleaning  up  a  storage  yard  used  to  store  drums  of  oil  field 
chemicals.    Drums  containing  discarded  production  chemicals  were  punctured  by  the  field 
employees  and  allowed  to  drain  into  a  ditch  adjacent  to  the  yard.    Approximately  200  drums 
containing  420  gallons  of  fluid  were  drained  into  the  trench.    The  chemicals  were  demulsif lers. 
reverse  demo  Is  if iers ,  scale  and  corrosion  inhibitors,  and  surfactants.    Broken  transformers 
containing  PCBs  were  leaking  into  soil  in  a  nearby  area.    Upon  discovery  of  the  condition  of  the 
yard,  Wyoming  Department  of  Environmental  Quality  [WDEQ)  ordered  Marathon  to  begin  cleanup 
procedures.    At  the  request  of  the  WDEQ,  ground-water  monitors  were  installed,  and  monitoring  of 
nearby  Arnoldus  Lake  was  begun.    The  State  filed  a  civil  suit  against  Marathon  and  won  a  $5000 
fine  and  S300S  in  expenses  for  lab  work.         (VY  05) 

This  activity  was  in  direct  violation  of  Wyoming  regulations. 
Reclamation  Problems 

Although  Wyoming's  mining  industry  has  rules  governing  reclamation  of 
sites,  no  such  rules  exist  covering  oil  and  gas  operations-    As  a  result, 
reclamation  on  privately  owned  land  is  often  inadequate  or  entirely 
lacking,  according  to  WDEQ  officials.    By  contrast,  reclamation  on 
Federal  lands  is  believed  to  be  consistently  more  thorough,  since  Federal 


67  References  for  case  cited;    WDEQ  memorandum  documenting  chronology  of  events  leading  to 
arrest  of  Z8.S  employees  and  owners.    Lab  analysis  of  reserve  pit  mud  and  effluent,  and  mud  and 
effluent  found  at  dump  site.    Consent  decree  from  District  Court  of  First  Judicial  District,  Laramie 
County,  Wyoming,  docket  ft  106- 493,  The  People  of  the  State  of  Wyoming  vs.  Z&S  Construction  Company. 
Photographs  of  vacuum  trucks  dumping  at  Pole  Creek  Ranch. 

68  API  states  that  the  operator,  thinking  the  drums  had  to  be  empty  before  transport 
off site,  turned  the  drums  upside  down  and  drained  420  gallons  of  chemicals  into  the  trench. 

69  References  for  case  cited:    Summary  of  Byron-Garland  case  by  Marathon  employee  J.  C- 
Fowler.    List  of  drums,  contents,  and  field  uses.    Cross-section  of  disposal  trench  area.  Several 
sets  of  lab  analyses.    Hap  of  Garland  field  disposal  yard.    Newspaper  articles  on  incident. 
District  court  consent  decree.  The  People  of  the  State  of  Wyoming  vs.  Marathon  Oil  Company, 
#108-87 . 
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leases  specify  reclamation  procedures  to  be  used  on  specific  sites.  WDEQ 
officials  state  that  this  will  be  of  growing  concern  as  the  State 
continues  to  be  opened  up  to  oil  and  gas  development.70 

WDEQ  officials  have  photographs  and  letters  from  concerned 
landowners,  regarding  reclamation  problems,  but  no  developed  cases.  The 
Wyoming  Oil  and  Gas  Conservation  Commission  submitted  photographs 
documenting  comparable  reclamation  on  both  Federal  and  private  lands. 
The  issue  is  at  least  partially  related  to  drilling  waste  management, 
since  improper  reclamation  of  sites  often  involves  inadequate  dewatering 
of  reserve  pits  before  closure.    As  a  result  of  this  inadequate 
dewatering,  reserve  pit  constituents,  usually  chlorides,  are  alleged  to 
migrate  up  and  out  of  the  pit,  making  revegetation  difficult.  The 
potential  also  exists  for  migration  of  reserve  pit  constituents  into 
ground  water. 

Discharge  of  Produced  Water  into  Surface  Streams 

Because  much  of  the  produced  water  in  Wyoming  is  relatively  low  in 
chlorides,  several  operations  under  the  beneficial  use  provision  of  the 
Federal  NPDES  permit  program  are  allowed  to  discharge  produced  water 
directly  into  dry  stream  beds  or  live  streams.    The  practice  of  chronic 
discharge  of  low-level  pollutants  may  be  harmful  to  aquatic  communities 
in  these  streams,  since  residual  hydrocarbons  contained  in  produced  water 
appear  to  suppress  species  diversity  in  live  streams. 

A  study  was  undertaken  by  the  Columbia  National  Fisheries  Research  Laboratory  of  the  U.  5. 
F,sh  and  Wildlife  Service  to  determine  the  effect  of  continuous  discharge  of  low-level  oil 
effluent  into  a  stream  and  the  resulting  effect  on  the  aquatic  conmunity  in  the  stream.  The 
discharges  to  the  stream  contained  5.6  mg/L  total  hydrocarbons.    Total  hydrocarbons  in  the 
receiving  sediment  were  979  mg/L  to  2.515  mg/L.    During  the  study,  samples  were  taken  upstream 


70    WOGCC  disagrees  with  WDEQ  on  this  statement. 
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and  downstream  from  the  discharge.    Species  diversity  and  community  structure  were  studied. 
Water  analysis  was  done  on  upstream  and  downstream  samples.    The  study  found  a  decrease  in 
species  diversity  of  the  macrobenthos  community  (fish)  downstream  from  rhe  discharge,  further 
characterized  by  total  elimination  of  some  species  and  drastic  alteration  of  cotmunity 
structure.    The  study  found  that  the  downstream  conmumty  was  characterized  by  only  one  dominant 
species,  while  the  upstream  community  was  dominated  by  three  species.    Total  hydrocarbon 
concentrations  in  water  and  sediment  increased  40  to  55  fold  downstream  from  the  discharge  of 
produced  water.    The  authors  of  the  study  stated  that  "...based  on  our  findings,  the  fisheries 
and  aquatic  resources  would  be  protected  if  discharge  of  oil  into  fresh  water  were  regulated  to 
prevent  concentrations  in  receiving  streams  water  and  sediment  that  would  alter  structure  of 
macrobenthos  coiwiun i 1 1  es  . "    (WY  07) 

These  discharges  are  permitted  under  NPDES. 
SOUTHERN  MOUNTAIN 

The  Southern  Mountain  zone  includes  the  States  of  Nevada,  Utah, 
Arizona,  Colorado,  and  New  Mexico.    All  five  States  have  some  oil  and  gas 
production,  but  New  Mexico's  is  the  most  significant.    The  discussion 
below  is  limited  to  New  Mexico. 

Operations 

Although  hydrocarbon  production  is  scattered  throughout  New  Mexico, 
most  comes  from  two  distinct  areas  within  the  State:  the  Permian  Basin  in 
the  southeast  corner  and  the  San  Juan  Basin  in  the  northwest  corner. 

Permian  Basin  production  is  primarily  oil,  and  it  is  derived  from 
several  major  fields.    Numerous  large  capital-  and  energy-intensive 
enhanced  recovery  projects  within  the  basin  make  extensive  use  of  C02 
flooding.    The  area  also  contains  some  small  fields  in  which  production 


71    References  for  case  cited:    Petroleum  Hydrocarbon  Concentrations  in  a  Salmonid  Stream 
Contaminated  by  Oil  Field  Discharge  Water  and  Effects  on  the  Macrobenthos  Conwunity,  by  D.F. 
Woodward  and  R.G.  Riley.  U.S.  Department  of  the  Interior,  Fish  and  Wildlife  Service,  Columbia 
National  Fisheries  Research  Laboratory,  Jackson,  Wyoming.  I960;  submitted  to  Transactions  of  the 
American  Fisheries  Society. 
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is  derived  from  marginal  stripper  operations.    This  is  a  mature 
production  area  that  is  unlikely  to  see  extensive  exploration  in  the 
future.    The  Tucumcari  Basin  to  the  north  of  the  Permian  may,  however, 
experience  extensive  future  exploration  if  economic  conditions  are 
favorable. 

The  San  Juan  Basin  is,  for  the  most  part,  a  large,  mature  field  that 
produces  primarily  gas.    Significant  gas  finds  are  still  made,  including 
many  on  Indian  Reservation  lands.    As  Indian  lands  are  gradually  opened 
to  oil  and  gas  development,  exploration  and  development  of  the  basin  as  a 
whole  will  continue  and  possibly  increase. 

Much  of  the  State  has  yet  to  be  explored  for  oil  and  gas.  The 
average  depth  of  new  wells  drilled  in  1985  was  6,026  feet.     The  number 
of  new  wells  drilled  in  1985  was  1,734,  of  which  281  were  exploratory. 

Types  of  Operators 

The  capital-  and  energy-intensive  enhanced  recovery  projects  in  the 
Permian  Basin,  as  well  as  the  exploratory  activities  under  way  around  the 
State,  are  conducted  by  the  major  oil  companies.    Overall,  however,  the 
most  numerous  operators  are  small  and  medium-sized  independents.  Small 
independents  dominate  marginal  stripper  production  in  the  Permian  Basin. 
Production  in  the  San  Juan  Basin  is  dominated  by  midsize  independent 
operators. 

Major  Issues 

Produced  Water  Pit  and  Oil  Field  Haste  Pit  Contents  Leaching  into  Ground 
Water 

New  Mexico,  unlike  most  other  States,  still  permits  the  use  of 
unlined  pits  for  disposal  of  produced  water.    This  practice  has  the 
potential  for  contamination  of  ground  water. 
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In  July  1985.  a  study  was  undertaken  in  the  Duncan  Oil  Field  in  the  San  Juan  Basin  by  faculty 
members  in  the  Department  of  Chemistry  at  New  Mexico  State  University,  to  analyze  the  potential 
for  unlmed  produced  water  pu  contents,  including  hydrocarbons  and  aromatic  hydrocarbons,  to 
migrate  into  the  ground  water.     The  oil  field  is  situated  in  a  flood  plain  of  the  San  Juan  • 
Rlver     The  site  chosen  for  investigation  by  the  study  group  was  similar  to  at  least  1.500  other 
nearby  production  sites  in  the  flood  plain.    The  study  group  oug  test  pits  around  the  disposal 
pit  on  the  chosen  site.    These  test  pits  were  placed  abovegradient  and  downgradient  of  the 
disposal  pit.  at  25-  and  50-meter  intervals.    A  total  of  9  test  pits  were  dug  to  a  depth  of  2 
meters   and  soil  and  ground-water  samples  were  obtained  from  each  test  pit.    Upon  analysis,  the 
'    study  group  found  volatile  aromatic  hydrocarbons  were  present  in  both  the  soil  and  water  samples 
of  test  pits  downgradient,  demonstrating  migration  of  unlined  produced  water  pit  contents  into 
the  ground  water 

Environmental  impact  was  surmiarized  by  the  study  group  as  contamination  of  shallow  ground  water 
with  produced  water  pit  contents  due  to  leaching  from  an  unl.ned  produced  water  disposal  pit. 
Benzene  was  found  in  concentrations  of  O.JO  ppb.  New  Mexico  Water  Quality  Control  Co-rmission 
standard  is  10  ppb.    Concentrations  of  ethylbenzene.  xylenes,  and  larger  hydrocarbon  molecules 
were  found.    No  contamination  was  found  in  test  pits  placed  abovegradient  from  the  disposal 
pit     Physical  signs  of  contamination  »ere  also  present,  downgradient  from  the  disposal  pit, 
including  black,  oily  staining  of  sands  above  the  water  table  and  black,  oily  film  on  the  water 
itself.    Hydrocarbon  odor  was  also  present.     (NM  02) 

It  is  now  illegal  to  dispose  of  more  than  five  barrels  per  day  of 
produced  water  into  unlined  pits  in  this  part  of  New  Mexico. 

As  a  result  of  this  study,  the  use  of  unl ined  .produced  water  pits  was 
limited  by  the  State  to  wells  producing  no  more  than  five  barrels  per  day 
of  produced  water.    While  this  is  a  more  stringent  requirement  than  the 
previous  rule,  the  potential  for  contamination  of  ground  water  with 
hydrocarbons  and  chlorides  still  exists.    It  is  estimated  by  individuals 
familiar  with  the  industry  in  the  State  that  20,000  unlined  emergency 


72    References  for  case  cited:    Hydrocarbons  and  Aromatic  Hydrocarbons  in  Groundwater 
Surrounding  an  Earthen  Waste  Disposal  Pit  for  Produced  Water  in  the  Duncan  Oil  field  of  Hew  Mexico, 
by  G, A.  Eiceman.  J.T.  McConnon.  Masud  Zaman.  Chris  Shuey.  and  Douglas  Earp,  9/16/S5.  Polycyclic 
Aromatic  Hydrocarbons  in  Soil  at  Groundwater  level  Near  an  Earthen  Pit  for  Produced  Water  in  the 
Duncan  Oil  Field,  by  B.  Davani,  K.  Lindley.  and  G.A.  Eiceman.  19B6.    New  Mexico  Oil  Conservation 
Coramssion  hearing  to  define  vulnerable  aquifers,  comments  on  the  hearing  record  by  Intervenor  Chris 
Shuey.  Case  No.  8224. 
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produced  water  disposal  pits  are  still  in  existence  in  the  San  Juan  Basin 
area  of  New  Mexico. 7j 


New  Mexico  has  experienced  problems  that  may  be  due  to  centralized 
oil  field  waste  disposal  facilities: 

Lee  Acres  "modified"  landfill  (meaning  refuse  is  covered  weekly  instead  of  daily  as  is  done  in 
a  "sanitary"  landfill)  is  located  4.S  miles  E-SE  of  Farmington,  New  Mexico,  It  is  owned  by  the 
U.S.  Bureau  of  Land  Management  (BLH).    The  landfill  is  approximately  60  acres  in  size  and 
includes  four  un lined  liquid-waste  lagoons  or  pits,  three  of  which  were  actively  used.  Since 
19SL  a  variety  of  liquid  wastes  associated  with  the  oil  and  gas  industry  have  been  disposed  of 
in  the  lagoons.    The  predominant  portion  of  liquid  wastes  disposed  of  in  the  lagoons  was 
produced  water,  which  is  known  to  contain  aromatic  volatile  organic  compounds  (VOCs).  According 
to  the  New  Mexico  Department  of  Health  and  Environment,  Environmental  Improvement  Division,  75 
to  90  percent  of  the  produced  water  disposed  of  in  the  lagoons  originated  from  Federal  and 
Indian  oil  and  gas  leases  managed  by  BLM.    Water  produced  on  these  leases  was  hauled  from  as  far 
away  as  Nageezi,  which  is  40  miles  from  the  Lee  Acres  site.    Disposal  of  produced  water  in  these 
un lined  pits  was,  according  to  New  Mexico  State  officials,  in  direct  violation  of  BLM's  rule 
NTL-2B #  which  prohibits,  without  prior  approval,  disposal  of  produced  waters  into  un lined  pits, 
originating  on  Federally  owned  leases.    The  Department  of  the  Interior  states  that  disposal  m 
the  lagoons  was  "...specifically  authorized  by  the  State  of  New  Mexico  for  disposal  of  produced 
water."    The  State  of  New  Mexico  states  that  "There  is  no  truth  whatsoever  to  the  assertion  that 
the  landfill  lagoons  were  specifically  authorized  by  the  State  of  New  Mexico  for  disposal  of 
produced  water."    Use  of  the  pits  ceased  on  4/19/85;-  8,800  cubic  yards  of  waste  were  disposed  of 
prior  to  closure. 

New  Mexico's  Environmental  Improvement  Division  (NMEID)  asserts  that  leachate  from  the  un lined 
waste  lagoons  that  contain  oil  and  gas  wastes  has  contributed  to  the  contamination  of  several 
water  wells  in  the  Lee  Acres  housing  subdivision  located  downgradient  from  the  lagoons  and  down- 
gradient  from  a  refinery  operated  by  Giant,  located  nearby.    NME10  has  on  file  a  soil  gas  survey 
that  documents  extensive  contamination  with  chlorinated  VOCs  at  the  landfill  site.    High  levels 
of  sodium,  chlorides,  lead,  chromium,  benzene,  toluene,  xylenes,  chloroethane ,  and 
trichloroethylene  were  found  in  the  waste  lagoons.    An  electromagnetic  terrain  survey  of  the  Lee 
Acres  landfill  site  and  surrounding  area,  conducted  by  NMEID.  located  a  plume  of  contaminated 
ground  water  extending  from  the  landfill.  This  plume  runs  into  a  plume  of  contamination  known  to 
exist,  emanating  from  the  refinery.    The  plumes  have  become  mixed  and  are  the  source  of 


73  Governor  Carruthers  refutes  this  and  states  that  "Unlined  pits  in  fresh  water  area* 
Southeast  New  Mexico  were  banned  beginning  in  1956,  with  a  general  prohibition  adopted  in 
EPA  notes  that  New  Mexico  still  permits  unlined  pits  to  be  used  for  disposal  of  produced  i 
the  pit  does  not  receive  more  than  five  barrels  of  produced  water  per  day. 
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contamination  of  the  ground  water  serving  the  Lee  Acres  housing  subdivision.  One 
domestic  well  was  sampled  extensively  by  NHEID  and  was  found  to  contain  extremely  high  levels  of 
chlorides  and  elevated  levels  of  chlorinated  VOCs,  including  tr ichloroethane.    (Department  of 
the  Interior  (001)  states  that  it  is  unaware  of  any  violations  of  New  Mexico  ground-water 
standards  involved  in  this  case.    New  Mexico  states  that  State  ground-water  standards  for 
chloride,  total  dissolved  solids,  benzene,  xylenes.  1 , 1  -dichloroethane ,  and  ethylene  dichlonde 
have  been  violated  as  a  result  of  the  plume  of  contamination.    In  addition,  the  EPA  Safe 
Drink mg  Water  Standard  for  tr ichloroethy lene  has  been  violated.)    New  Mexico  State  officials 
state  that  "The  landfill  appears  to  be  the  principal  source  of  chloride,  total  dissolved  solids 
and  most  chlorinated  VOCs,  while  the  refinery  appears  to  be  the  principal  source  of  aromatic 
VOCs  and  ethylene  dichlonde/* 

During  the  period  after  disposal  operations  ceased  and  before  the  site  was  closed,  access  to 
the  lagoons  was  essentially  unrestricted.    While  NMEID  believes  that  it  is  possible  that  non-oil 
and  gas  wastes  illegally  disposed  of  during  this  period  may  have  contributed  to  the  documented 
contamination,  the  primary  source  of  ground-water  contamination  appears  to  be  from  oil  and  gas 
wastes 

The  State  has  ordered  BLM  to  provide  public  water  to  residents  affected  by  the  contamination, 
develop  a  ground-water  monitoring  system,  and  investigate  the  types  of  drilling,  drilling 
procedures,  and  well  construction  methods  that  generated  the  waste  accepted  by  the  landfill. 
BLM  submitted  a  motion-to-stay  the  order  so  as  to  include  Giant  Refining  Company  and  El  Paso 
Natural  Gas  in  cleanup  operations.    The  motion  was  denied.    The  case  went  into  litigation. 
According  to  State  officials,  "The  State  of  New  Mexico  agreed  to  dismiss  its  lawsuit  only  after 
the  Bureau  of  Land  Management  agreed  to  conduct  a  somewhat  detailed  hydrogeo log ic  investigation 
in  a  reasonably  expeditious  period  of  time.    The  lawsuit  was  not  dismissed  because  of  lack  of 
evidence  of  eontammat  ipn  emanating  from  the  landfill."    The  refinery  company  has  completed  an 


In  a  letter  dated  8/20/87,  Giant  Refining  Company  states  that  "Benzene,  toluene  and 
xylenes  are  naturally  occurring  compounds  in  crude  oil,  and  are  consequently  in  high  concentrations 
in  the  produced  water  associated  with  that  crude  oil.    The  only  gasoline  additive  used  by  Grant  that 
has  been  found  in  the  water  of  a  residential  well  is  DC A  [ethylene  dichloride)  which  has  also  been 
found  in  the  landfill  plume."    Giant  also  notes  that  the  refinery  leaks  in  the  last  2  years  resulted 
in  less  than  30,000  gallons  of  diesel  being  released  rather  than  the  100,000  gallons  stated  by  the 
Department  of  Interior  m  a  letter  to  EPA  of  8/11/87. 
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extensive  hydrogeologic  investigation  and  has  implemented  containment  and  cleanup 
measures.75     (NM  05}7t? 

Current  New  Mexico  regulations  prohibit  use  of  unlined  commercial 
disposal  pits. 

Damage  to  Ground  Water  from  Inadequately  Maintained  Injection  Wells 

As  in  other  States,  New  Mexico  has  experienced  problems  with 
injection  wells. 

A  saltwater  injection  well,  the  BO- 3,  operated  by  Texaco,  is  used  for  produced  water  disposal 
for  the  Moore-Devonian  oil  field  in  southeastern  New  Mexico.    Injection  occurs  at  about  10,000 
ft,    The  Ogalla  la  aquifer,  overlying  the  oil  production  formation,   is  the  sole  source  of  potable 
ground  water  in  much  of  southeastern  New  Me*ico.    Dr.  Daniel       Stephens,  Associate  Professor  of 
Hydrology  at  the  New  Mexico  Institute  of  Mining  and  Technology,  concluded  that  injection  well 
B0-3  has  contributed  to  a  saltwater  plume  of  contamination  in  the  Ogallala  aquifer.    The  plume 
is  nearly  1  mile  long  and  contains  chloride  concentrations  of  up  to  26,000  ppm.  * 

A  local  rancher  sustained  damage  to  crops  after  irrigating  with  water  contaminated  by  this 
saltwater  plume.    In  1973,  an  irrigation  well  was  completed  satisfactorily  on  the  ranch  of  Mr, 
Paul  Hamilton,  and,  in  1977,  the  well  began  producing  water  with  chlorides  of  1,300  ppm.  Mr. 
Hamilton's  crops  were  severely  damaged,  resulting  in  heavy  economic  losses,  and  his  farm 
property  was  foreclosed  on.    There  is  no  evidence  of  crop  damage  from  irrigation  prior,  to  1977. 
Mr.  Hamilton  initiated  a  private  law  suit  against  Texaco  for  damages  sustained  to  his  ranch, 
Texaco  argued  that  the  saltwater  plume  was  the  result  of  leachate  of  brines  from  unlined  brine 
disposal  pits,  now  banned  in  the  area.    Or,  Stephens  proved  that  if  old  pits  in  the  vicinity, 


75  Comments  in  the  Docket  from  BLM  and  the  State  of  New  Mexico  pertain  to  NM  05.    BLM  states 
that  the  refinery  upgradient  from  the  subdivision  is  responsible  for  the  contamination  because  of 
their  "...extremely  sloppy  housekeeping  practices,./4  which  resulted  in  the  loss  of  "...hundreds  of 
thousands  of  gallons  of  refined  product  through  leaks  in  their  underground  piping  system,"  The 
Department  of  the  Interior  states  that  "there  is,  in  fact,  mounting  evidence  that  the  landfill  and 
lagoons  may  have  contributed  little  to  tr.e  residential  well  contamination  in  the  subdivisions/'  D0I 
states  "...we  strongly  recommend  that  this  case  be  deleted  from  the  Damage  Cases  [Report  to 
Congress]/*    "New  Mexico  states  that  "EID  [Environmental  Improvement  Division]  strongly  believes 
that  the  Lee  Acres  Landfill  has  caused  serious  ground  water  contamination  and  is  well  worth 
inclusion  in  the  Oil  and  Gas  Damage  Cases  chapter  of  your  [EPA]  Report  to  Congress  on  Oil,  Gas  anc 
Geothermal  Wastes.'* 

76  References  for  case  cited:    State  of  New  Mexico  Administrative  Order  No.  1005;  contains 

water  analysis  for  open  pits,  monitor  wells,  and  impacted  domestic  wells,    Motion-to-stay  Order  No, 
1005.    Denial  of  motion  to  stay.    Newspaper  articles.    Southwest  Research  and  Information  Center, 
Response  to  Hearing  before  Water  Quality  Control  Commission,  12/2/86.    Letter  to  Dan  Derkics,  EPA, 
from  Department  of  the  Interior,  refuting  Lee  Acres  damage  case,  8/U/87.    Letter  to  Dan  Derkics, 
EPA(  from  NMEID.  refuting  Department  of  the  Interior  letter  of  8/11/87,  dated  8/18/87.    Letter  to 
Dar,  Derkics,  EPA,  from  Giant  Refining  Company,  8/20/87. 
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previously  used  for  saltwater  disposal,  had  caused  the  contamination,  high  chloride  levels 
would  have  teen  detected  in  the  irrigation  well  prior  to  1977.    Or.  Stephens  also  demonstrated 
that  the  BO-3  injection  well  had  leaked  some  20  million  gallons  of  brine  into  the  fresh  ground 
water,  causing  chloride  contamination  of  the  Ogallala  aquifer  from  which  Mr.  Hamilton  drew  his 
irrigation  water.    Based  on  this  evidence  a  jury  awarded  Mr.  Hamilton  a  cash  settlement  from 
Texaco  for  damages  sustained  botn  by  the  leaking  injection  well  and  by  the  abandoned  disposal 
pits.    The  well  has  had  workovers  and  additional  pressure  tests  since  1976.    The  well  is  still 
in  operation,  in  compliance  with  U J C  regulations.    (NM  01) 

Current  U1C  regulations  require  mechanical  integrity  testing  every  5 
years  for  all  Class  II  wells. 

The  well  in  the  above  case  was  tested  for  mechanical  integrity 
several  times  during  the  course  of  the  trial,  during  which  the 
plaintiff's  hydrologist,  after  contacting  the  Texas  Railroad  Commission, 
discovered  that  this  injection  well  would  have  been  classed  as  a  failed 
well  using  criteria  established  by  the  State  of  Texas  for  such  tests. 
However,  at  the  time,  the  well  did  not  fail  the  test  using  criteria 
established  by  the  State  of  New  Mexico.    Both  States  have  primacy  under 
the  UIC  program. 

WEST  COAST 

The  West  Coast  zone  includes  Washington,  Oregon,  and  California.  Of 
the  three  states,  California  has  the  most  significant  hydrocarbon 
production;  Washington  and  Oregon  have  only  minor  oil  and  gas  activity. 
Damage  cases  were  collected  only  in  California. 

Operations 

California  has  a  diverse  oil  and  gas  industry,  ranging  from  stripper 
production  in  very  mature  fields  to  deep  exploration  and  large  enhanced 
recovery  operations.    Southern  California  and  the  San  Joaquin  Valley  are 
dominated  by  large  capital-  and  energy-intensive  enhanced  recovery 


77    References  for  case  cited:    Oil-Field  Brine  Contamination  -  A  Case  Study,  Lea  Co.  New 

Hex i co.  from  Selected  Papers  on  Water  Quality  and  Pollution  in  New  Mexico  -  1964;  proceedings  of  a 

symposium.  New  Mexico  Bureau  of  Mines  and  Resources 
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projects,  while  the  coastal  fields  are  experiencing  active  exploration. 
California's  most  mature  production  areas  are  in  the  lower  San  Joaquin 
Valley  and  the  Sacramento  Basin.    The  San  Joaquin  produces  both  oil  and 
gas.    The  Sacramento  Valley  produces  mostly  gas. 

The  average  depth  of  new  wells  drilled  in  California  in  1985  was 
4,176  feet.    Some  3,413  new  wells  were  completed  in  1985,  166  of  which 
were  exploratory. 

Types  of  Operators 

Operators  in  California  range  from  small  independents  to  major 
producers.    The  majors  dominate  capital-  and  energy- intensive  projects, 
such  as  coastal  development  and  large  enhanced  recovery  projects. 
Independents  tend  to  operate  in  the  mature  production  areas  dominated  by 
stripper  production. 

Major  Issues 

Discharge  of  Produced  Water  and  Oilv  Wastes  to  Ephemeral  Streams 

In  the  San  Joaquin  Valley,  the  State  has  long  allowed  discharge  of 
oily  high-chloride  produced  water  to  ephemeral  streams.    After  discharge 
to  ephemeral  streams,  the  produced  water  is  diverted  into  central  sumps 
for  disposal  through  evaporation  and  percolation.    Infiltration  of 
produced  water  into  aquifers  is  assumed  to  occur,  but  official  opinion  on 
its  potential  for  damage  is  divided.    Some  officials  take  the  position 
that  the  aquifers  are  naturally  brackish  and  thus  have  no  beneficial  use 
for  agriculture  or  human  consumption.    A  report  by  the  Water  Resources 
Control  Board,  however,  suggests  that  produced  water  may  percolate  into 
useable  ground-water  structures. 
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For  the  purposes  of  this  study  conducted  by  Bean/Logan  Consulting  Geologists,  ground  water  in 
the  study  area  was  categorized  according  to  geotype  and  compared  to  produced  water  in  sumps  that 
came  from  production  zones.      Research  was  conducted  on  sumps  in  Cymric  Valley,  Mckittr ick 
Valley,  Midway  Valley.  Elk  Hills,,  Buena  Vista  Hills,  and  Buena  Vista  Valley  production  fields. 
While  this  recent  research  was  not  investigating  ground-water  damages  per  seT  the  study  suggests 
obvious  potential  for  damages  relating  to  the  ground  water.    The  hydrogeolog ic  analysis  prepared 
for  the  California  State  Water  Resources  Control  Board  concludes  that  about  570.000  tons  of  salt 
from  produced  water  were  deposited  in  1981  and  that  a  total  of  14.8  million  tons  have  been 
deposited  since  1900,    The  California  Water  Resources  Board  suspects  that  a  portion  of  the  salt 
has  percolated  into  the  ground  water  and  has  degraded  it.     In  addition  to  suspected  degradation 
of  ground  water,  officers  of  the  California  Department  of  Fish  and  Game  often  find  birds  and 
animals  entrapped  in  the  oily  deposits  in  the  affected  ephemeral  streams . ^ Exposure  to  the  oily 
deposits  often  proves  to  be  fatal  to  these  birds  and  animals,        (CA  21) 

This  is  a  permitted  practice  under  current  California  regulations. 

Aside  from  concerns  over  chronic  degradation  of  ground  water,  this 
practice  of  discharge  to  ephemeral  streams  can  cause  damage  to  wildlife. 
The  volume  of  wastes  mixed  with  natural  runoff  sometimes  exceeds  the 
holding  capacity  of  the  ephemeral  streams.    The  combined  volume  may  then 
overflow  the  diversions  to  the  sump  areas  and  continue  downstream, 
contaminating  soil  and  endangering  sensitive  wildlife  habitat.    The  oil 
and  gas  industry  contends  that  it  is  rare  for  any  wastes  to  pass  the 
diversions  set  up  to  channel  flow  to  the  sumps,  but  the  California 
Department  of  Fish  and  Game  believes  that  it  is  a  common  occurrence. 

Produced  water  from  the  Crocker  Canyon  area  flows  downstream  to  where  U  is  diverted  into 
Valley  Waste  Disposal's  large  unlined  evaporation/percolation  sumps  for  oil  recovery 
(cooperatively  operated  by  local  oil  producers).     In  one  instance,  discovery  by  California  Fish 
and  Game  officials  of  a  significant  spill  was  made  over  a  month  after  it  occurred.    According  to 
the  California  State  Water  Quality  Board,  the  incident  was  probably  caused  by  heavy  rainfall,  as 
a  consequence  of  which  the  volume  of  rain  and  waste  exceeded  the  containment  capacity  of  the 
disposal  facility.    The  sumps  became  eroded,  allowing  oily  waste  to  flow  down  the  valley  and 
into  a  wildlife  habitat  occupied  by  several  endangered  species  including  blunt-nosed  leopard 
lizards,  San  Joaquin  kit  foxes r  and  giant  kangaroo  rats. 


API  states  that  the  California  Regional  Water  Quality  Board  and  EPA  are  presently  deciding 
whether  to  promulgate  additional  permit  requirements  under  the  Clean  Water  Act  and  NPDES. 

79    References  for  case  cited:    Lower  Westside  Water  Quality  Investigation  Kern  County,  and 
Lower  Westside  Water  Quality  Investigation  Kern  County:    Supplementary  Report,  Bean/Logan  Consulting 
Geologists,  11/83;  prepared  for  California  State  Water  Resources  Control  Board,  Westside 
Groundwater  Study,  Michael  R .  Rector,  Inc.,  1 1/63 ;  prepared  for  Western  Oil  and  6as  Association. 
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According  to  the  State's  report ,  there  were  U6  known  wildlife  losses  including  11  giant 
kangaroo  rats,    The  count  of  dead  animals  was  estimated  at  only  20  percent  of  the  actual  number 
of  animals  destroyed  because  of  the  delay  in  finding  the  spill,  allowing  poisoned  animals  to 
leave  the  area  before  dying.    Vegetation  was  covered  with  waste  throughout  the  spill  area  The 
California  Department  of  Fish  and  Game  does  not  believe  this  to  be  an  isolated  incident.  The 
California  Water  Resources  Control  Board,  during  its  investigation  of  the  incident,  noted 
♦\  . .deposits  of  older  accumulated  oil,  thereby  indicating  that  the  sa*ne  channel  had  been  used 
for  wastewater  disposal  conveyance  in  the  past  prior  to  the  recent  discharge.  Cleanup 
activities  conducted  later  revealed  that  buildup  of  older  oil  was  significant."    The  companies 
implicated  in  tnis  incident  were  fined  $100,000  and  were  required  to  clean  up  the  area.  The 
companies  denied  responsibility  for  the  discharge.    (CA  OS) 

This  release  was  in  violation  of  California  regulations. 
ALASKA 

The  Alaska  2one  includes  Alaska  and  Hawaii.  Hawaii  has  no  oil  or  gas 
production.    Alaska  is  second  only  to  Texas  in  oil  production. 

Operations 

Alaska's  oil  operations  are  divided  into  two  entirely  separate  areas, 
the  Kenai  Peninsula  (including  the  western  shore  of  Cook  Inlet)  and  the 
North  Slope,    Because  of  the  areas'  remoteness  and  harsh  climate, 
operations  in  both  areas  are  highly  capital-  and  energy-intensive.  For 
the  purposes  of  damage  case  development,  and  indeed  for  most  other  types 
of  analysis,  operations  in  these  two  areas  are  distinct.  Types  of  damages 
identified  in  the  two  areas  have  little  in  common. 


80   References  for  case  cited:     Report  of  Oil  Spill  in  Buena  Vista  Valley,  by  Mike  Glinzak. 
California  Division  of  Oil  and  Gas  (DOG),  3/6/86;  nap  of  site  and  photos  accompany  the  report. 
Letters  to  Sun  Exploration  and  Production  Co.  from  DOG,  3/13  and  3/31/86.    Newspaper  articles  in 
Bakersfield  Californian.  3/6/86,  3/11/86.  and  undated.    California  Water  Quality  Control  Board. 
Administrative  Civil  Liability  Complaint  fACL-016.  8/8/86.    California  Water  Quality  Control  Board, 
internal  memoranda,  Smith  to  Pfister  concerning  cleanup  of  site,  5/27/86;    Smith  to  Nevins 
concerning  description  of  damage  and  investigation,  including  map,  8/12/86.  California  Department  of 
Fish  and  Game,  Dead  Endangered  Species  in  a  California  Oil  Spill,  by  Capt.  E.A  Simons  and  Lt.  M. 
Akin,  undated.    Fact  Sheets;    Buena  Vista  Creek  Oil  Spill,  Kern  County,  3/7/86,  and  Hanmals 
Occurring  on  Elk  Hills  and  Buena  Vista  Hills,  undated.  Letter  from  Lt.  Akin  to  EPA  contractor. 
2/24/87. 
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Activities  on  the  Kenai  Peninsula  have  been  in  progress  since  the 
late  1950s,  and  gas  is  the  primary  product.    Production  levels  are  modest 
as  compared  to  those  on  the  North  Slope. 

North  Slope  operations  occur  primarily  in  the  Prudhoe  Bay  area,  with 
some  smaller  fields  located  nearby.    Oil  is  the  primary  product. 
Production  has  been  under  way  since  the  trans-Alaska  pipeline  was 
completed  in  the  mid  1970s.    Much  of  the  oil  recovery  in  this  area  is  now 
in  the  secondary  phase,  and  enhanced  recovery  through  water  flooding  is 
on  the  increase. 

There  were  100  wells  drilled  in  the  State  in  1985,  all  of  them  on  the 
North  Slope.    In  1985,  one  exploratory  well  was  drilled  in  the  National 
Petroleum  Reserve  -  Alaska  (NPRA)  and  two  development  wells  were  drilled 
on  the  Kenai  Peninsula. 

Types  of  Operators 

There  are  no  small,  independent  oil  or  gas  operators  in  Alaska 
because  of  the  high  capital  requirements  for  all  activities  in  the 
region.    Operators  in  the  Kenai  Peninsula  include  Union  Oil  of  California 
and  other  major  companies.    Major  producers  on  the  North  Slope  are  ARCO 
and  Standard  Alaska  Production  Company. 

Major  Issues 

Reserve  Pits,  North  Slope 

Reserve  pits  on  the  North  Slope  are  usually  unlined  and  made  of 
permeable  native  sands  and  gravels.    Very  large  amounts  of  water  flow  in 
this  area  during  breakup  each  spring  in  the  phenomenon  known  as  "sheet 
flow."    Some  of  this  water  may  unavoidably  flow  into  and  out  of  the 
reserve  pits;  however,  the  pits  are  designed  to  keep  wastes  in  and  keep 
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surface  waters  out.    Discharge  of  excess  liquids  from  the  pits  directly 
onto  the  tundra  is  permitted  under  regulations  of  the  Alaska  Department 
of  Environmental  Conservation  (ADEC)  if  discharge  standards  are  met.  (See 
summary  on  State  rules  and  regulations.) 

Through  the  processes  of  breakup  and  discharge,  ADEC  estimates  that 
100  million  gallons  of  supernatant  are  pumped  onto  the  tundra  and 
roadways  each  year,61  potentially  carrying  with  it  reserve  pit 
constituents  such  as  chromium,  barium,  chlorides,  and  oil.  Scientists 
who  have  studied  the  area  believe  this  has  the  potential  to  lead  to 
bioaccumulation  of  heavy  metals  and  other  contaminants  in  local  wildlife, 
thus  affecting  the  food  chain.     However,  no  published  studies  that 
demonstrate  this  possibility  exist.    Results  from  preliminary  studies 
suggest  that  the  possibility  exists  for  adverse  impact  to  Arctic  wildlife 
because  of  discharge  of  reserve  pit  supernatant  to  the  tundra: 

In  1963,  a  study  of  the  effects  of  reserve  pit  discharges  on  water  quality  and  the 
macro  invertebrate  coomunvty  of  tundra  ponds  was  undertaken  by  the  U.  S.  Fish  and  Wildlife 
Service  in  the  Prudhoe  Bay  01 1  product  ion  area  of  the  North  Slope.    Discharge  to  tfic 
tundra  ponds  is  a  cormon  disposal  method  for  reserve  pit  fluid  in  this  area.    The  Study 
shows  a  clear  difference  in  water  quality  and  biological  measures  among  reserve  pits, 
ponds  receiving  discharges  from  reserve  pits  (receiving  ponds},  distant  ponds  affected  by 
discharges  through  surface  water  flow,  and  control  ponds  not  affected  by  discharges. 
Ponds  directly  receiving  discharges  had  significantly  greater  concentrations  of  chromium, 
arsenic,  cadmium,  nickel,  and  barium  than  did  control  ponds,  and  distant  ponds  showed 
significantly  higher  levels  of  chromium  than  did  control  ponds.    Chromium  levels  in 
reserve  pits  and  in  ponds  adjacent  to  drill  sites  may  have  exceeded  EPA  chronic  toxicity 
criteria  for  protection  of  aquatic  life.    (Ak  06) 

These  discharges  were  permitted  by  the  State  of  Alaska.    No  NPDES 
permits  have  been  issued  for  these  discharges.    New  Alaska  regulations 
have  more  stringent  effluent  limits. 


81  Statement  by  Larry  Dietrick  to  Carla  Greathouse. 

82  References  for  case  Cited:    The  Effects  of  Prudhoe  Bay  Reserve  Pit  Fluids  on  the  Water 
Quality  and  Macro  invertebrates  of  Tundra  Ponds,  oy  Robin  L.  West  and  Elaine  Snyder-Conn.  Fairbanks 
Fish  and  Wildlife  Enhancement  Office.  U.S.  Fish  and  Wildlife  Service,  fairbanks.  Alaska.  9/87. 
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In  the  summer  of  1985,  a  field  method  was  developed  by  the  u\  S.  Fish  and  Wildlife  Service  to 
evaluate  toxicity  of  reserve  pit  fluids  discharged  into  tundra  wetlands  at  Prudhoe  Bay,  Alaska, 
Results  of  the  study  document  acute  toxicity  effects  of  reserve  pit  fluids  on  Daphnia.  Acute 
toxicity  in  Daprmia  was  observed  after  95  hours  of  exoosure  to  liquid  in  five  reserve  pits. 
Daphma  exposed  to  liquid  in  receiving  ponds  also  had  s  ign  tf  icant  ly  higher  death/  imnobi  1  izat  ion 
than  did  Daphma  exposed  to  liquid  in  control  ponds  after  96  hours.    At  Drill  Site  1.  after  96 
hours.  100  percent  of  the  Daphnia  introduced  to  the  reserve  pit  had  been  immobilized    or  were 
dead/ as  compared  to  a  control  pond  which  showed  less  than  5  percent  ^mobilized  or  dead  after 
96  hours.    At  Drill  Site  12,  60  percent  of  the  Daphnia  exposed  to  the  reserve  pit  liquid  were 
dead  or  imobiUzvd  after  96  hours  and  less  than  1  percent  of  Oaphma  exposed  to  the  control 
pond  were  dead  or  inmobi  1  ized/65   [AK  07) 

In  June  1985.  five  drill  sites  and  three  control  sites  were  chosen  for  studying  the  effects  of 
drilling  fluids  and  their  discharge  on  fish  and  waterfowl  habitat  on  the  North  Slope  of  Alaska. 
B ^accumulation  analysis  was  done  on  fish  tissue  using  water  samples  collected  from  the  reserve 
pits-    Fecundity  and  growth  were  reduced  in  daphnids  exposed  for  43  days  to  liquid  composed  of 
2,5  percent  and  25  percent  drilling  fluid  from  the  selected  drill  sites.    6ioaccumulation  of 
barium    titanium,   iron,  copper,  and  molybdenum  was  documented  in  fish  exposed  to  drilling  fluids 

'  85 
for  as  little  as  96  hours.     [AK  08) 

Erosion  of  reserve  pits  and  subsequent  discharge  of  reserve  pit 
contents  to  the  tundra  constitute  another  potential  environmental  problem 
on  the  North  Slope.    If  exploration  drilling  pits  are  not  closed  out  at 
the  end  of  a  drilling  season,  they  may  breach  during  "breakup."  Reserve 
pit  contaminants  are  then  released  directly  to  the  tundra.    {As  described 
in  Chapter  III,  production  reserve  pits  are  different  from  .exploration 
reserve  pits.    Production  reserve  pits  are  designed  to  last  for  as  long 
as  20  years.)    A  reserve  pit  wall  may  be  poorly  constructed  or  suffer 
structural  damage  during  use;  the  wall  may  be  breached  by  the  hydrostatic 
head  on  the  walls  due  to  accumulation  of  precipitation  and  produced 
fluids.    New  exploration  reserve  pits  are  generally  constructed 
below-grade.    Flow  of  gravel  during  a  pit  breach  can  choke  or  cut  off 
tundra  streams,  severely  damaging  or  eliminating  aquatic  habitat. 


83  API  connents  m  the  Docket  pertain  to  Ak  07.    API  discusses  the  relevance  of  the  Daphnia 
study  to  the  damage  cases. 

84  References  for  case  cited:    An  In  Situ  Acute  Toxicity  Test  with  Daphnia:    A  Promising 
Screening  Tool  for  Field  Biologists?    by  Elaine  Snyder-Conn,  U.S.  Fish  and  Wildlife  Service,  Fish 
and  Wildlife  Enhancement.  Fairbanks,  Alaska,  1985. 

85  References  for  case  cited:    Effects  of  Oil  Drilling  Fluids  and  Their  Discharge  on  Fish 

and  Waterfowl  Habitat  in  Alaska,  U.S.  Fish  and  Wildlife  Service.  Columbia  National  Fishery  Research 
Laboratory.  Jackson  Field  Station,  Jackson,  Wyoming.  February  1986. 
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The  Awuna  Test  Well  No,  1,  which  is  11,200  feet  deep,  is  in  the  National  Petroleum  Reserve  in 
AlasK*  (NPRA)  and  was  a  site  selected  for  cleanup  of  the  NPRA  by  the  U.S.  Geological  Survey 
(USGS)  in  1984.    The  site  is  in  the  northern  foothills  of  the  Brooks  Range.    The  well  was  spud 
on  February  29 p  1980 .  and  operations  were  completed  on  April  20,1961.    A  side  of  the  reserve  pit 
berm    washed  Out  into  the  tundra  during  spring  breakup,  allowing  reserve  pit  fluid  to  flow  onto 
the  tundra.    As  documented  by  the  USGS  cleanup  team,  high  levels  of  chromium,  oil.  and  grease 
have  leached  into  the  soil  downgradient  from  the  pit.    Chromium  was  found  at  2.2  to  3.0  mg/kg 
dry  weight.    The  high  levels  of  oil  and  grease  may  be  from  the  use  of  Arctic  Pack  (85  percent 
diesel  fuel)  at  the  well  over  the  winter  of  1980.    the  cleanup  team  noted  that  the  downs  lope 
soils  were  discolored  and  putrefied,  particularly  in  the  upper  layers.    The  pad  is  located  in  a 
runoff  area  allowing  for  erosion  of  pad  and  pit  into  surrounding  tundra,    A  vegetation  kill  area 
caused  by  reserve  pit  fluid  exposure  is  approximately  equal  to  half  an  acre.    Areas  of  the  drill 
pad  may  remain  barren  for  many  years  because  of  contamination  of  soil  w^ith  salt  and 
hydrocarbons.    The  well  site  is  in  a  caribou  calving  area.        (AK  12) 

This  type  of  reserve  pit  construction  is  no  longer  permitted  under 
current  Alaska  regulations. 

Waste  Disposal  on  the  North  Slope 

Inspection  of  oil  and  gas  activities  and  enforcement  of  State 
regulations  on  the  North  Slope  is  difficult,  as  illustrated  by  the 
following  case: 


North  Slope  Salvage,  Inc.  (NSSI)  operated  a  salvage  business  in  Prudhoe  Bay  during  1982  and 
1983.    During  this  time,  NSSI  accepted  delivery  of  various  discarded  materials  from  oil 
production  companies  on  the  North  Slope,  including  more  than  14.000  fifty-five  gallon  drums,  900 
of  which  were  full  or  held  more  than  residual  amounts  of  oils  and  chemicals  used  in  the 
development  and  recovery  of  oil.    The  drums  were  stockpiled  and  managed  by  NSSI  in  a  manner  that 
allowed  the  discharge  of  hazardous  substances.    While  the  NSSI  site  may  have  stored  chemicals 
and  wastes  from  other  operations  that  supported  oil  and  gas  exploration  and  production  (e,g. , 
vehicle  maintenance  materials),  such  storage  would  have  constituted  a  very  small  percentage  of 
NSSI 's  total  inventory. 


65    API  states  that  exploratory  reserve  pits  must  now  be  closed  1  year  after  cessation  of 
drilling  operations.    EPA  notes  that  it  is  important  to  distinguish  between  exploratory  and 
production  reserve  pits.    Production  reserve  pits  are  permanent  structures  that  remain  open  as  long 
as  the  well  or  group  of  wells  is  producing.    This  may  be  as  long  as  20  years. 

87    References  for  case  cited:    Final  Wellsite  Cleanup  on  National  Petroleum  Reserve  - 
Alaska,  USGS,  July  1986. 
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The  situation  was  discovered  by  the  Alaska  Department  of  Environmental  Conservatnon  (ADEC)  in 
June  1963.    At  this  time,  the  State  of  Alaska  requested  Federal  enforcement,  but  Federal  act!on 
was  never  taken.  An  inadequate  cleanup  effort  was  mounted  by  NSS1  after  confrontation  by  ADEC. 
To  preclude  further  discharges  of  hazardous  substances.  ARCO  and  Sohio  paid  for  the  cleanup 
because  they  were  the  primary  contributors  to  the  site.    Cleanup  was  completed  on  August  5. 
1983.  after  58,000  gallons  of  chemicals  and  water  were  recovered.    It  is  unknown  how  much  of  the 
hazardous  substances  was  earned  into  the  tundra.    The  discharge  consisted  of  oil  and  a  variety 
of  organic  substances  known  to  be  toxic,  carcinogenic,  mutagenic,  or  suspected  of  being 
carcinogenic  or  mutagenic.®^     (AK  10) 

Disposal  of  Drilling  Wastes,  Kenai  Peninsula 

Disposal  of  drilling  wastes  is  the  principal  practice  leading  to 
potential  environmental  degradation  on  the  Kenai  Peninsula.  The 
following  cases  involve  centralized  facilities,  both  commercial  and 
privately  run,  for  disposal  of  drilling  wastes: 

Operators  of  the  Sterling  Special  Waste  Site  have  nad  a  long  history  of  substandard 
monitoring,  having  failed  during  1977  and  1976  to  carry  out  any  well  sampling  and  otherwise 
having  performed  only  irregular  sampling.    This  was  in  violation  of  AOEC  permit  requirements  to 
perform  quarterly  reports  of  water  quality  samples  from  the  monitoring  wells.    An  internal  ADEC 
memo  ( L .G ,  E lph vc  to  R . T .  Williams,  3/25/76}  noted  "...we  must  not  f orget . . . that  this  is  the 
State's  first  sanctioned  hazardous  waste  sue  and  as  such  must  receive  close  observation  during 

.  *p90 

its  initial  operating  period, 

A  permit  for  .the  site  was  reissued  by  AOEC  in  1979  despite  knowledge  by  ADEC  of  lack  of 
effective  ground-water  monitoring.    In  July  of  I960,  ADEC  Engineer  R .  Williams  visited  the  site 
■     and  filed  a  report  noting  that  the  "...operation  appears  completely  out  of  control/"  Monitoring 
well  samples  were  analyzed  by  ADEC  at  this  time  and  were  found  to  be  in  excess  of  drinking  water 
standards  for  iron.  lead,  cadmium,  copper,  zinc,  arsenic,  phenol,  and  oil  and  grease.  One 
private  water  well  in  the  vacmity  showed  0.4  ppb  1, 1 .  i-trichloroethane.    The  Sterling  School 
well  showed  2  A  g/L  mercury.     (Subsequent  tests  show  mercury  concentration  below  detection 
limits— 0.001  mg/kgj    Both  contamination  incidents  are  alleged  to  be  caused  by  the  Sterling 


68    Alaska  Department  of  Environmental  Conservation  (ADEC)  states  that  this  case  '\  ♦ .  js  an 
example  of  how  the  oil  industry  inappropriately  considered  the  limits  of  the  exemption  [under 
Section  30D1]  .H' 

89  References  for  case  cited:    Report  on  the  Occurrence,  Discovery,  and  Cleanup  of  an  Oil 
and  Hazardous  Substances  Discharge  at  Lease  Tract  57 ,  Prudhoe  Bay,  Alaska,  by  Jeff  Mach  -  ADE( 
1984,    Letter  to  Dan  Derkics,  EPA,  from  Stan  Hungerford,  ADEC,  8/4/87. 

90  The  term  "hazardous  waste  site"  as  used  in  this  memo  does  not  refer  to  a  "RCRA  Subtitle  C 
hazardous  waste  site.'* 
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Special  Waste  Sue,    Allegations  are  unconfirmed  by  the  ADEC .    { AK.  03) 

Practices  at  the  Sterling  site  were  in  violation  of  the  permit. 

This  case  involves  a  45-acre  gravel  pit  on  Poppy  Lane  on  the  Kenai  Peninsula  used  since  the 
1970s  for  disposal  of  wastes  associated  with  gas  development.    The  gravel  pit  contains  barrels 
of  unidentified  wastes,  drilling  muds,  gas  condensate,  gas  condensate-contaminated  peat, 
abandoned  equipment,  and  soil  contaminated  with  diesel  and  chemicals.    The  property  belongs  to 
Union  Oil  Co.,  which  bought  it  around  1968.    Dumping  of  wastes  in  this  area  is'  illegal;  reports 
of  last  observed  dumping  were  in  October  1985.  as  witnessed  by  residents  in  the  area. 
In  this  case,  there  has  been  demonstrated  contamination  of  adjacent  water  wells  with  organic 
compounds  related  to  gas  condensate  (ADEC  laboratory  reports  from  October  198B  and  earlier), 
Alleged  health  effects  on  residents  of  neighboring  properties  include  nausea,  diarrhea,  rashes, 
and  elevated  levels  of  metals  (chromium,  copper)  in  blood  in  two  residents.    Property  values 
have  been  effectively  reduced  to  zero  for  residential  resale.    A  fire  on  the  site  on  July  8, 
1981,  was  attributed  to  combustion  of  petroleum-related  products,  and  the  fire  department  was 
unable  to  extinguish  it.    The  fire  was  allegedly  set  by  people  illegally  disposing  of  wastes  in 
the  pit.    Fumes  from  organic  liquids  are  noticeable  in  the  breathing  zone  onsite.    UNOCAL  has 
been  directed  on  several  occasions  to  remove  gas  condensate  in  wastes  from  the  site.    Since  June 
19,  1972,  disposal  of  wastes  regulated  as  solid  wastes  has  been  illegal  at  this  site.    The  case 
has  been  actively  under  review  by  the  State  since  1981,  (Ak  01) 


91    References  for  case  cited:    Dames  and  Moore  well  monitoring  report,  showing  elevated 
metals  referenced  above,  October  1976.    Dowling  Rice  £.  Associates  monitoring  results,  1/15/80,  and 
Mar  Enterprises  monitoring  results,  September  1980,  provided  by  Walt  Pederson,  showing  elevated 
levels  of  metals,  oil,  and  grease  in  ground  water.    Detailed  letter  from  Eric  Meyers  to  Glen  Aikens, 
Deputy  Commissioner,  ADEC.  recounting  permit  history  of  site  and  failure  to  conduct  proper 
monitoring,  1/23/82,    Testimony  and  transcripts  from  Walt  Pederson  on  public  forums  complaining 
about  damage  to  drinking  water  and  mismanagement  of  site,    Transcripts  of  waste  logs  of  site  from 
9/1/79  to  8/20/64,  indicating  only  264,438  bbl  of  muds  received,  during  a  period  that  should  have 
generated  much  more  waste.    Letter  from  Howard  ICeiser  to  Union  Oil,  12/7/81,  indicating  that 
"...drilling  mud  is  being  disposed  of  by  methods  other  than  at  the  Sterling  Special  Waste  Site  and 
by  methods  that  could  possibly  cause  contamination  of  the  ground  water," 

9?    References  for  case  cited:    Photos  showing  illegal  dumping  in  progress.  Field 
investigations.    State  of  Alaska  Individual  Fire  Report  on  "petroleum  dump,"  7/12/81.    File  memo  on 
site  visit  by  Howard  Keiser,  ADEC  Environmental  Field  Officer,  in  response  to  a  complaint  by  State 
Forestry  Officer,  7/21/81.    Memo  from  Howard  Keiser  to  Bob  Martin  on  his  objections  to  granting  a 
permit  to  Union  Oil  for  use  of  site  as  disposal  site  on  basis  of  impairment  of  wildlife  resources. 
7/28/85.    Letter,  ADEC  to  Union  Oil,  objecting  to  lack  of  cleanup  of  site  despite  notification  by 
ADEC  on  10/3/84,    Analytical  reports  by  ADEC  indicating  gas  condensate  contamination  on  site, 
8/14/64.    EPA  Potential  Hazardous  Waste  Site  Identification,    indicating  continued  dumping  as  of 
8/10/65.    Citizens*  complaint  records.    Blood  test  indicating  elevated  chromium  for  neighboring 
resident  Jessica  Black,  1/16/85,    Letter  to  Mike  Lucky  of  ADEC  from  Union  Oil  confirming  cleanup 
steps,  2/12/85.    Memo  by  Carl  Reller,  ADEC  ecologist,  indicating  presence  of  significant  toxics  on 
site,  8/14/85,    Minutes  of  Waste  Disposal  Coranission  meeting,  2/10/85.    ADEC  analytic  reports 
indicating  gas  condensate  at  site,  10/10/65.    Letters  from  four  different  real  estate  firms  in  area 
confirming  inability  to  sell  residential  property  in  Poppy  Lane  area.    Letter  from  Bill  Lamoreaux, 
ADEC,  to  J.  Black  and  R.  Sizemore  referencing  high  selenium/chromium  in  the  ground  water  in  the 
area.    Miscellaneous  technical  documents.    EPA  Potential  Hazardous  Waste  Site  Preliminary 
Assessment,  2/12/87 . 
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These  activities  are  illegal  under  current  Alaska  regulations. 
MISCELLANEOUS  ISSUES 

Improperly  Abandoned  and  Improperly  Plugged  Wells 

Degradation  of  ground  water  from  improperly  plugged  and  unplugged 
wells  is  known  to  occur  in  Kansas,  Texas,  and  Louisiana.  Improperly 
plugged  and  unplugged  wells  enable  native  brine  to  migrate  up  the 
wellbore  and  into  freshwater  aquifers.  The  damage  sustained  can  be 
extensive. 

Problems  also  occur  when  unidentified  improperly  plugged  wells  are 
present  in  areas  being  developed  as  secondary  recovery  projects.  After 
the  formation  has  been  pressurized  for  secondary  recovery,  native  brine 
can  migrate  up. unplugged  or  improperly  plugged  wells,  potentially  causing 
extensive  ground-water  contamination  with  chlorides. 

In  1961.  Gulf  and  its  predecessors  began  secondary  recovery  operations  in  the  East  Gladys  Unit 
in  Sedgwick  County.  Kansas.    During  secondary  recovery,  water  is  pumped  into  a  target  formation 
at  high  pressure,  enhancing  oil  production.    This  pumping  of  water  pressurizes  the  formation, 
which  can  at  times  result  in  brines  being  forced  up  to  the  surface  through  unplugged  or 
improperly  plugged  abandoned  wells.    When  Gulf  began  their  secondary  recovery  in  this  area,  it 
was  with  the  knowledge  that  a  number  of  abandoned  wells  existed  and  could  lead  to  escape  of  salt 
water  into  fresh  ground  water. 

Gerald  Blood  alleged  that  three  improperly  plugged  wells  in  proximity  to  the  Gladys  unit  were 
the  source  of  fresh  ground-water  contamination  on  his  property.    Mr.  Blood  runs  a  peach  orchard 
in  the  area.    Apparently  native  brine  had  migrated  from  the  nearby  abandoned  wells  into  the 
fresh  ground  water  from  which  Mr.  Blood  draws  water  for  domestic  and  irrigation  purposes. 
Contamination  of  irrigation  wells  was  first  noted  by  Mr.  Blood  when,  in  1970.  one  of  his  truck 
gardens  was  killed  by  irrigation  with  salty  water.    Brine  migration  contaminated  two  more 
irrigation  wells  in  the  mid-1970s.    By  1980,  brine  had  contaminated  the  irrigation  wells  used  to 
irrigate  a  whole  section  of  Mr.  Blood's  land.  By  this  time,  adjacent  landowners  also  had 
contaminated  wells.    Mr.  Blood  lost  a  number  of  peach  trees  as  a  result  of  the  contamination  of 
his  irrigation  well:  he  also  lost  the  use  of  his  domestic  well. 
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The  Bloods  sued  Gulf  Oil  in  civil  court  for  damages  sustained  by  their  farm  from  chloride 
contamination  of  their  irrigation  and  residential  wells,    The  Bloods  won  their  case  and  were 
awarded  an  undisclosed  amount  of  money (KS  14 


Current  UIC  regulations  prohibit  contamination  of  groundwater.  ' 

The  potential  for  environmental  damage  through  ground-water 
degradation  is  high,  given  the  thousands  of  wells  abandoned  throughout 
the  country  prior  to  any  State  regulatory  plugging  requirements. 

In  West  Texas,  thousands  of  oil  and  gas  wells  have  been  drilled  over  the  last  several 
decades,  many  of  which  were  never  properly  plugged.    There  exists  in  the  subsurface  of 
this  area  a  geologic  formation  known  as  the  Coleman  Junction,  which  contains  extremely 
salty  native  brine  and  possesses  natural  artesian  properties.    Since  this  formation  is 
relatively  shallow,  most  oil  and  gas  wells  penetrate  this  formation.    If  an  abandoned 
well  is  not  properly  plugged,  the  brine  contained  in  the  Coleman  Junction  is  under  enough 
natural  pressure  to  rise  through  the  improperly  plugged  well  and  to  the  surface. 

According  to  scientific  data  developed  over  several  years,  and  presented  by  Mr.  Ralph 
Hoelscher,  the  ground  water  in  and  around  San  Angelo,  Texas,  has  been  severely  degraded 
by  this  seepage  of  native  brine,  and  much  of  the  agricultural  land  has  absorbed  enough 
salt  as  to  be  nonproductive.    Th i s  situation  has  created  a  hardship  for  farmers  m  the 
area.    The  Texas  Railroad  Commission  states  that  soil  and  ground  water  are  contaminated 
with  cnlondes  because  of  terracing  and  fertilizing  of  the  land.    According  to  Mr. 
Hoelscher,  a  long-time  farmer  in  the  area,  little  or  no  fertilizer  is  used  in  local 
agriculture.  (IX 

Improper  abandonment  of  oil  and  gas  wells  is  prohibited  in  the  State 
of  Texas. 


95    API  states  that  damage  in  this  case  was  brought  about  by  "old  injection  practices/* 

94  References  for  case  cited:    U.S.  District  Court  for  the  district  of  Kansas,  Memorandum 

and  Order,  Blood  vs.  Gulf;  Response  to  Defendants'  Statement  of  Incontroverted  Facts;  and  Memorandum 
in  Opposition  to  Motion  for  Summary  Judgment,    Means  Laboratories,  Inc.,  water  sample  results. 
Department  of  Health,  District  Office  #14,  water  samples  results.    Extensive  miscellaneous 
memoranda,  letters,  analysis, 

95  References  for  case  cited:    Water  analysis  of  Ralph  Hoelscher *s  domestic  well.  Soil 
Salinity  Analysis,  Texas  Agricultural  Extension  Service  -  The  Texas  ASM  University  System,  Soil 
Testing  Laboratory,  Lubbock,  Texas  79401 .    Photographs.    Conversation  with  Wayne  Farrell,  San  Angelo 
Health  Department.  Conversation  with  Ralph  Hoelscher,  resident  and  farmer. 
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CHAPTER  V 

RISK  MODELING 


INTRODUCTION 

This  chapter  summarizes  the  methods  and  results  of  a  risk  analysis  of 
certain  wastes  associated  with  the  onshore  exploration,  development,  and 
production  of  crude  oil  and  natural  gas.    The  risk  analysis  relies 
heavily  on  the  information  developed  by  EPA  on  the  types,  amounts,  and 
characteristics  of  wastes  generated  (summarized  in  Chapter  II)  and  on 
waste  management  practices  {summarized  in  Chapter  III).    In  addition, 
this  quantitative  modeling  analysis  was  intended  to  complement  EPA's 
damage  case  assessment  (Chapter  IV).    Because  the  scope  of  the  model 
effort  was  limited,  some  of  the  types  of  damage  cases  reported  in 
Chapter  IV  are  not  addressed  here.    On  the  other  hand,  the  risk  modeling 
of  ground-water  pathways  covers  the  potential  for  certain  more  subtle  or 
long-term  risks  that  might  not  be  evidenced  in  the  contemporary  damage 
case  files.    The  methods  and  results  of  the  risk  analysis  are  documented 
in  detail  in  a  supporting  EPA  technical  report  (USEPA  1987a). 

EPA's  risk  modeling  study  estimated  releases  of  contaminants  from 
selected  oil  and  gas  wastes  into  ground  and  surface  waters,  modeled  fate 
and  transport  of  these  contaminants,  and  estimated  potential  exposures, 
health  risks,  and  environmental  impacts  over  a  200-year  modeling  period. 
The  study  was  not  designed  to  estimate  absolute  levels  of  national  or 
regional  risks,  but  rather  to  investigate  and  compare  potential  risks 
under  a  wide  variety  of  conditions. 

Objectives 

The  main  objectives  of  the  risk  analysis  were  to  (1)  characterize  and 
classify  the  major  risk-influencing  factors  (e.g.,  waste  types,  waste 


management  practices,  environmental  settings)  associated  with  current 
operations  at  oil  and  gas  facilities;1  (2)  estimate  distributions 
of  major  risk-influencing  factors  across  the  population  of  oil  and.  gas 
facilities  within  various  geographic  zones;  (3)  evaluate  these  factors  in 
terms  of  their  relative  effect  on  risks;  and  (4)  develop,  for  different 
geographic  zones  of  the  U.S. ,  initial  quantitative  estimates  of  the 
possible  range  of  baseline  health  and  environmental  risks  for  the  variety 
of  existing  conditions. 

Scope  and  Limitations 

The  major  portion  of  this  risk  study  involved  a  predictive 
quantitative  modeling  analysis  focusing  on  large-volume  exempt  wastes 
managed  according  to  generally  prevailing  industry  practices.    EPA  also 
examined  (but  did  not  attempt  quantitative  assessment  of)  the  potential 
effects  of  oil  and  gas  wastes  on  the  North  Slope  of. Alaska,  and  reviewed 
the  locations  of  oil  and  gas  activities  relative  to  certain  environments 
of  special  interest,  including  endangered  species  habitats,  wetlands,  and 
public  lands. 

Specifically,  the  quantitative  risk  modeling  analysis  estimated 
long-term  human  health  and  environmental  risks  associated  with  the 
disposal  of  drilling  wastes  in  onsite  reserve  pits,  the  deep  well 
injection  of  produced  water,  and  the  direct  discharge  of  produced  water 
from  stripper  wells  to  surface  waters.    These  wastes  and  waste  management 
practices  encompass  the  major  waste  streams  and  the  most  common  management 
practices  within  the  scope  of  this  report,  but  they  are  not  necessarily 
those  giving  rise  to  the  most  severe  or  largest  number  of  damage  cases  of 
the  types  presented  in  Chapter  IV.    For  risk  modeling  purposes,  EPA 
generally  assumed  full  compliance  with  applicable  current  State  and 


1  References  in  this  chapter  to  oil  and  gas  facilities,  sites,  or  activities  refer  to 
exploration,  development .  and  production  operations. 
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Federal  regulations  for  the  practices  studied.    Risks  were  not  modeled 
for  a  wide  variety  of  conditions  or  situations,  either  permitted  or 
illegal,  that  could  give  rise  to  damage  incidents,  such  as  waste  spills, 
land  application  of  pit  or  water  wastes,  discharge  of  produced  salt  water 
to  evaporation/percolation  pits,  or  migration  of  injected  wastes  through 
unplugged  boreholes. 

In  this  study,  EPA  analyzed  the  possible  effects  of  selected  waste 
streams  and  management  practices  by  estimating  risks  for  model 
scenarios ,    Model  scenarios  are  defined  as  hypothetical  {but  realistic) 
combinations  of  variables  representing  waste  streams,  management 
practices,  and  environmental  settings  at  oil  and  gas  facilities.  The 
scenarios  used  in  this  study  were,  to  the  extent  possible,  based  on  the 
range  of  conditions  that  exist  at  actual  sites  across  the  U.S.  EPA 
developed  and  analyzed  more  than  3,000  model  scenarios  as  part  of  this 
analysis . 

EPA  also  estimated  the  geographic  and  waste  practice  frequencies  of 
occurrence  of  the  model  scenarios  to  account  for  how  well  they  represent 
actual  industry  conditions  and  to  account  for  important  variations  in  oil 
and  gas  operations  across  different  geographic  zones  of  the  U.S.  These 
frequencies  were  used  to  weight  the  model  results,  that  is,  to  account 
for  the  fact  that  some  scenarios  represent  more  sites  than  others. 
However,  even  the  weighted  risk  estimates  should  not  be  interpreted  as 
absolute  risks  for  real  facilities  because  certain  major  risk-influencing 
factors  were  not  modeled  as  variables  and  because  the  frequency  of 
occurrence  of  failure/release  modes  and  concentrations  of  toxic 
constituents  were  not  available. 


2     The  12  zones  used  in  the  risk  assessment  are  identical  to  the  zones  used  as  part  of  EPA's 
waste  sampling  and  analysis  study  (see  Chapter  11).  with  one  exception:     zone  11  (Alaska)  -as  divided 
UA  representing  the  North  Slope  and  zone  1  IB  representing  the  Cook  Inlet-Kenai  Peninsula 


into  zone 
area . 
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A  principal  limitation  of  the  risk  analysis  is  that  EPA  had  only  a 
relatively  small  sample  set  of  waste  constituent  concentration  data  for 
the  waste  streams  under  study.    As  a  result,  the  Agency  was  unable  to 
construct  regional  estimates  of  toxic  constituent  concentrations  or  a 
national  frequency  distribution  of  concentrations  that  could  be  directly 
related  to  other  key  geophysical  or  waste  management  variables  in  the 
study.    Partly  because  of  this  data  limitation,  all  model  scenarios 
defined  for  this  study  were  analyzed  under  two  different  sets  of 
assumptions:    a  "best-estimate"3  set  of  assumptions  and  a  "conservative" 
set  of  assumptions.    The  best-estimate  and  conservative  sets  of  assumptions 
are  distinguished  by  different  waste  constituent  concentrations,  different 
timing  for  releases  of  drilling  waste  and  produced  water,  and,  in  some 
cases,  different  release  rates  (see  the  later  sections  on  model  scenarios 
and  model  procedures  for  more  detail).    The  best-estimate  assumptions 
represent  a  set  of  conditions  which,  in  EPA's  judgment,  best  characterize 
the  industry  as  a  whole,  while  the  conservative  assumptions  define 
higher-risk  (but  not  worst-case)  conditions.    It  is  important  to  clarify 
that  the  best-estimate  and  conservative  assumptions  are  not  necessarily 
based  on  a  comprehensive  statistical  analysis  of  the  frequency  of 
occurrence  or  absolute  range  of  conditions  that  exist  across  the  industry; 
instead,  they  reflect  EPA's  best  judgment  of  a  reasonable  range  of 
conditions  based  on  available  data  analyzed  for  this  study. 

Another  major  limitation  of  the  study  is  the  general  absence  of 
empirical  information  on  the  frequency,  extent,  and  duration  of  waste 
releases  from  the  oil  and  gas  field  management  practices  under 
consideration.    As  described  below,  this  study  used  available  engineering 
judgments  regarding  the  nature  of  a  variety  of  failure/release  mechanisms 
for  waste  pits  and  injection  wells,  but  no  assumptions  were  made 


As  used  here,  the  terra  best  estimate  is  different  from  the  statistical  concept  cf  maximum 
likelihood  (i.e..  best)  estimate. 


regarding  the  relative  frequency  or  probability  of  occurrence  of  such 
failures. 

Although  EPA  believes  that  the  scenarios  analyzed  are  realistic  and 
representative,  the  risk  modeling  for  both  sets  of  scenarios  incorporated 
certain  assumptions  that  tend  to  overestimate  risk  values.    For  example, 
for  the  health  risk  estimates  it  was  assumed  that  individuals  ingest 
untreated  contaminated  water  over  a  lifetime,  even  if  contaminant 
concentrations  were  to  exceed  concentrations  at  which  an  odor  or  taste  is 
detectable.    In  addition,  ingested  concentrations  were  assumed  to  equal 
the  estimated  center  line  (i.e.,  highest)  concentration  in  the 
contaminant  plume. 

Other  features  of  the  study  tend  to  result  in  underestimation  of 
risk.    For  example,  the  analysis  focuses  on  risks  associated  with 
drilling  or  production  at  single  oil  or  gas  wells,  rather  than  on  the 
risks  associated  with  multiple  wells  clustered  in  a  field,  which  could 
result  in  greater  risks  and  impacts  because  of  overlapping  effects. 
Also,  the  analysis  does  not  account  for  natural  or  other  source 
background  levels  of  chemical  constituents  which,  when  combined  with  the 
contamination  levels  from  oil  and  gas  activities,  could  result  in 
increased  risk  levels. 

QUANTITATIVE  RISK  ASSESSMENT  METHODOLOGY 

EPA  conducted  the  quantitative  risk  assessment  through  a  four-step 
process  (see  Figure  V-l).    The  first  three  steps-collection  of  input 
data,  specification  of  model  scenarios,  and  development  of  modeling 
procedures-are  described  in  the  following  subsections.    The  last  step, 
estimation  of  effects,  is  described  in  subsequent  sections  of  this 
chapter  that  address  the  quantitative  modeling  results. 
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Input  Data 

• 

EPA  collected  three  main  categories  of  input  data  for  the 
quantitative  modeling:    data  on  waste  volumes  and  constituents,  waste 
management  practices,  and  environmental  settings.    Data  on  waste  volumes 
were  obtained  from  EPA's  own  research  on  sources  and  volumes  of  wastes, 
supplemented  by  the  results  of  a  survey  of  oil  and  gas  facilities 
conducted  by  the  American  Petroleum  Institute  (API)  (see  Chapter  II). 
Data  on  waste  constituents  were  obtained  from  EPA's  waste  stream  chemical 
analysis  study.    The  results  of  EPA's  research  on  current  waste 
management  practices,  supplemented  by  API's  studies  (see  Chapter  III), 
were  the  basis  for  defining  necessary  input  parameters  concerning  waste 
management  practices.    Data  needed  to  characterize  environmental  settings 
were  obtained  from  an  analysis  of  conditions  at  266  actual  drilling  and 
production  locations  sampled  from  areas  with  high  levels  of  oil  and  gas 
activity  (see  USEPA  1987a,  Chapter  3,  for  more  detail  on  the  sample 
selection  and  analytical  methods). 

Model  Scenarios 

The  model  scenarios  in  this  analysis  are  unique  combinations  of  the 
variables  used  to  define  waste  streams,  waste  management  practices,  and 
environmental  settings  at  oil  and  gas  facilities.    Although  the  model 
scenarios  are  hypothetical,  they  were  designed  to  be: 

.    Representative  of  actual  industry  conditions  (they  were 

developed  using  actual  industry  data,  to  the  extent  available); 

•    Broad  in  scope,  covering  prevalent  industry  characteristics  but 
not  necessarily  all  sets  of  conditions  that  occur  in  the  industry; 
and 

.    Sensitive  to  major  differences  in  environmental  conditions  (such 
as  rainfall,  depth  to  ground  water,  and  ground-water  flow  rate) 
across  various  geographic  zones  of  the  U.S. 
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As  illustrated  in  Figure  V-2,  EPA  decided  to  focus  the  quantitative 
analysis  on  the  human  health  and  environmental  risks  associated  with 
three  types  of  environmental  releases:    leaching  of  drilling  waste 
chemical  constituents  from  onsite  reserve  pits  to  ground  water  below  the 
pits  (drilling  sites);  release  of  produced  water  chemical  constituents 
from  underground  injection  wells  to  surface  aquifers4  (production 
sites);  and  direct  discharge  of  produced  water  chemical  constituents  to 
streams  and  rivers  (stripper  well  production  sites). 

Chemical  Constituents 

EPA  used  its  waste  sampling  and  analysis  data  (described  in 
Chapter  II)  to  characterize  drilling  wastes  and  produced  water  for 
quantitative  risk  modeling.    Based  on  the  available  data,  EPA  could  not 
develop  separate  waste  stream  characterizations  for  various  geographic 
zones;  one  set  of  waste  characteristics  was  used  to  represent  the 
nation.    The  model  drilling  waste  represents  only  water-based  drilling 
muds  (not  oil -based  muds  or  wastes  from  air  drilling),  which  are  by  far 
the  most  prevalent  drilling  mud  type.    Also,  the  model  drilling  waste 
does  not  represent  one  specific  process  waste,  but  rather  the  combined 
wastes  associated  with  well  drilling  that  generally  are  disposed  of  in 
reserve  pits. 

For  both  drilling  wastes  and  produced  water,  EPA  used  a  systematic 
methodology  to  select  the  chemical  constituents  of  waste  streams  likely 
to  dominate  risk  estimates  (see  USEPA  1987a,  Chapter  3,  for  a  detailed 
description  of  this  methodology).    The  major  factors  considered  in  the 
chemical  selection  process  were  (1)  median  and  maximum  concentrations  in 


For  the  purpose  of  this  report,  a  surface  aqutfer  is  defined  as  the  geologic  unit  nearest 
the  land  surface  that  transmits  sufficient  quantities  of  ground  water  to  be  used  as  a  source  of 
drinking  water.    It  is  distinguished  from  aquifers  at  greater  depths,  which  may  be  the  injection  zone 
for  an  underground  injection  well  or  are  too  deep  to  be  generally  used  as  a  drinking  water  source. 


V-8 


*> 

?  o 

 ^ 

j  Water 
jure  Point 
eristics 

"  CO  g  w 

£  ~  £ 
5  I 

Surface 
and  Expos 
Characl 

m 

o 

V)    U  d) 

CE  < 


c  ~ 
m  c 

CO 

U 

u  o 

O)  °- 
o  © 
o  - 

©  s 

acteris 

ydrog 
Expo 

h_ 

Cha 

X 

c 

E 

«/> 
en 

G) 

(0 
< 

W 


0> 
> 

CD 


C 
CD 
3 

a 

0) 


a) 


o 
O 

s 


m 

<E 

a 

■  ■ 

i 

CD 

4) 

CO 

5 


a. 

G) 

tn 


0 

a>  a> 

CO  ■+- 

CO  c  o 
ro  ro  to 

5Sa 


c  *-  cn 

«   C  U 

°  o  n 

EL  w 

O    ffl  Q) 

O   3  O 

dob 
X 


CO 

c 

o  CT 
^  *E 

*>  ^ 
c  a) 


a 
CO 

a> 
e 

"5 

o 


> 

s 

o 


> 


3 
CD 


V-9 


the  waste  samples;  (2)  frequency  of  detection  in  the  waste  samples; 
(3)  mobility  in  ground  water;  and  (4)  concentrations  at  which  human 
health  effects,  aquatic  toxicity,  or  resource  damage  start  to  occur. 
Through  this  screening  process,  EPA  selected  six  chemicals  for  each  waste 
type  that  were  likely  to  dominate  risk  estimates  in  the  scenarios 
modeled.    For  each  selected  chemical,  two  concentrations  were  determined 
from  the  waste  characterization  data.    The  50th  percentile  (median}  was 
used  to  set  constituent  concentrations  for  a  "best-estimate"  waste 
characterization,  while  the  90th  percentile  was  used  for  a  "conservative" 
waste  characterization.    The  selected  chemicals  and  concentrations,  shown 
in  Table  V-l,  served  as  model  waste  streams  for  the  quantitative  risk 
analysis . 

Of  the  chemicals  selected,  arsenic  and  benzene  were  modeled  as 
potential  carcinogens.    Both  substances  are  rated  as  Group  A  in  EPA's 
weight-of-evidence  rating  system  {i.e.,  sufficient  evidence  of 
carcinogenicity  in  humans).    Some  scientists,  however,  believe  that 
arsenic  may  not  be  carcinogenic  and  may  be  a  necessary  element  at  low 
levels.    Sodium,  cadmium,  and  chromium  VI  were  modeled  for 
noncarcinogenic  effects.    The  critical  (i.e.,  most  sensitive)  health 
effects  for  these  constituents  are  hypertension  for  sodium  and  liver  and 
kidney  damage  for  cadmium  and  chromium  VI.    It  is  emphasized  that  the 
effect  threshold  for  sodium  used  in  this  analysis  was  based  on  potential 
effects  in  the  high-risk  (not  general)  population.    (The  level  used  is 
slightly  higher  than  EPA's  20  mg/L  suggested  guidance  level  for  drinking 
water.)    The  high-risk  population  is  defined  to  include  individuals  with 
a  genetic  predisposition  for  hypertension,  pregnant  women,  and 
hypertensive  patients.    Finally,  boron,  chloride,  sodium,  cadmium, 
chromium  VI,  and  total  mobile  ions  were  modeled  for  their  potential 
aquatic  toxicity  and  resource  damage  effects.    Table  V-2  lists  the  cancer 
potency  factors  and  effects  thresholds  used  in  the  study. 
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Table  V-l  Model  Constituents  and  Concentrations' 


Concent  rat  ions 


Produced  water  Median  Upper  90% 

constituents  (mg/L)  (m^/L) 


Arsenic                                 0.02  \J 

Benzene                                  0.47  2.9 

Boron                                       9.9  120 

Sodium                              9,400  67 , 000 

Chloride                          7.300  35,000 

Mobile  ionsb  23,000  110,000 


Concent  rat ions 


Drilling  waste  Pit  liquids  Pit  &olids/TClPC    Pit  solids/direct  

(water-based)  Median  Upper  90%  Median  Upper  90%  Median  Upper  90% 

constituents 


(mg/L)  (mg/L)  t»g/kg) 


Arsenic  0.0  016               0.0                   O.Q02d  0.0  0,010 

Cadmium  0.056  1.4                0.011                0.29  2.0  5.4 

Sodium  6,700  44,000  1,200*  4,400*  8,500  59,000 

Chloride  3.S00  39,000  2,000f  11.000*  17,000  88,000 

Chromium  VI  0.43  Z90                   0                      0.76  22  190 

Mobile  ionsb  17 , 000  95,000  4,000  16,000  100,000  250,000 


aThe  median  constituent  concentrations  from  the  relevant  samples  in  the  EPA  waste  sampling/ 
analysis  study  were  used  for  a  "best-est irate1'  waste  characterization,  and  the  90th  percentile 
concentrations  were  used  for  a  "conservative"  waste  characterization  (data  sources    USEPA  1987b), 

bMobile  ions  include  chloride,  sodium,  potassium,  calcium,  magnesium,  and  sulfate, 

CTCLP  =  toxicity  characteristic  leaching  procedure. 

dUpper  90th  percentile  arsenic  values  estimated  based  on  detection  limit. 

Preliminary  examinations  indicate  that  the  sodium  TCLP  values  may  overestimate  the  actual 
leachable  sodium  concentrations  in  reserve  pit  samples.    The  accuracy  of  these  concentrations  is  the 
subject  of  an  ongoing  evaluation, 

^Chloride  TCLP  values  are  estimated  based  on  sodium  data. 
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Table  V-Z  Toxicity  Parameters  and  Effects  Thresholds3 


Model 
const  i  tuent 

Cancer 
potency  factor 
(mg/kd-df 1 

Human  noncancer 
threshold 
(mg/itg-d) 

Aquatic  toxicity 
threshold  (mg/L) 

Resource  damage 
threshold  (mg/L) 

benzene 

0  052 

NA 

NAb 

NA 

Arsenic 

15 

NA 

NA 

NA 

Sod i um 

NA 

0.66 

83,4 

NA 

Cadmium 

NAC 

0.00039 

0,00066 

NA 

Chromium  Vi 

NAC 

0,005 

0  on 

NA 

Chloride 

NA 

,SA 

NA 

Z5C 

Boron 

NA 

NA 

NA 

1 

Total  mobile 
d 

ions 

NA 

NA 

NA 

335e 
500f 

aSee  USEPA  1987a  for  detailed  description  and  documentation. 

bNA  =  not  applicable;  indicates  that  an  effect  type  was  not  modeled  for  a  specific  chemical. 
cNot  considered  carcinogenic  by  the  oral  exposure  route. 
Represents  total  mass  of  ions  mobile  in  ground  water, 

eFor  surface  water  only  (assumes  a  background  level  of  65  mg/L  and  a  threshold  limit  of  400 
mg/L). 

^For  ground  water  only. 
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The  chemicals  selected  for  risk  modeling  differ  from  the  constituents 
of  potential  concern  identified  in  Chapter  II  for  at  least  three  t 
important  reasons.    First,  the  analysis  in  Chapter  II  considers  the 
hazards  of  the  waste  stream  itself  but,  unlike  the  selection  process  used 
for  this  risk  analysis,  does  not  consider  the  potential  for  waste 
constituents  to  migrate  through  ground  water  and  result  in  exposures  at 
distant  locations.    Second,  certain  constituents  were  selected  based  on 
their  potential  to  cause  adverse  environmental  (as  opposed  to  human 
health)  effects,  while  the  analysis  in  Chapter  II  considers  only  human 
health  effects.    Third,  frequency  of  detection  was  considered  in 
selecting  constituents  for  the  risk  modeling  but  was  not  considered  in 
the  Chapter  II  analysis. 


Waste  Management  Practices 

Three  general  waste  management  practices  were  considered  in  this 
study:    onsite  reserve  pits  for  drilling  waste;  underground  injection 
wells  for  produced  water;  and  direct  discharge  of  produced  water  to 
rivers  and  streams  (for  stripper  wells  only).s    EPA  considered  the 
underground  injection  of  produced  water  in  disposal  wells  and 
waterflooding  wells.6    The  design  characteristics  and  parameter  values 
modeled  for  the  different  waste  management  practices  are  presented  in 
Tables  V-3  and  V-4.    These  values  were  developed  from  an  evaluation  of 
EPA's  and  API's  waste  volume  data  .(see  Chapter  II)  and  waste  management 
practice  survey  results  (see  Chapter  III)  for  the  nation  as  a  whole. 


5  to  present,  there  are  no  Federal  effluent  guidelines  for  stripper  wells  (i.e..  oil  wells 
producing  less  than  ten  barrels  of  crude  oil  per  day),  and,  under  Federal  law.  these  wells  are  allowed 
to  discharge  directly  to  surface  waters  subject  to  certain  restrictions.    Most  other  onshore  oil  and 
gas  facilities  are  subject  to  the  Federal  zero-discharge  requirement. 

6  Waterflooding  is  a  secondary  recovery  method  in  which  treated  fresh  water,  seawater.  or 

produced  water  is  injected  into  a  petroleum- bear ing  formation  to  help  maintain  pressure  and  to  displace 
a  portion  of  the  rema,n,ng  crude  oil  toward  production  wells.    Injection  wells  used  for  w.terf looding 
may  have  different  designs,  operating  practices,  and  economic  considerations  than  those  of  disposal 
wells,  which  are  used  simply  to  dispose  of  unwanted  fluid  underground. 
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Table  V-3  Drilling  Pit  Waste  (Water-Based)  Management  Practices 


Ons  ite 
pit  size 

Waste 
amount8 
(barrels) 

Disposal  practice 

Pit 

dimens  ions(rn) 
L        W  D 

Large 

£5 , 000 

Reserve  pit-unl  ined 

Reserve  pit- lined, 
capped 

59       47  2.3d 

Med  i  um 

5,900 

Reserve  pit-unlined 
capped 

?r       9  n^ 

Small 

1.650 

Reserve  pit-unlined 

Reserve  pit- lined, 
capped 

17       14  K9b 

aPer  well 

drilled  ( includes  so 

1  ids  and  1  iquids) . 

bWaste  depths  for  large,  medium,  and  small  pits  were  1.5,  1.2,  and  11 
meters,  respectively. 
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Table  V-6  Definition  of  Best  Estimate  ana  Conservative  Release  Assumptions 


Release  source 

Release 
assumpt ion 

Const ltuent 
concentrat  ion 
in  waste 

Fa i lure/release 
t iming 

Release  volume 

Un lined  Pits 

Best-est imate 

50th  %  (median) 

Release  begins  in  year  1 

Calculated  by  release  equations 

Conservat ive 

90th  % 

Release  begins  in  year  I 

Calculated  by  release  equations 
( same  as  best-est  imat  e ) 

Lined  Pits 

Best-estimate 

50th  % 

Liner  fai lure  begins  in 
year  25 

Calculated  by  release  equations 

Conservat  ive 

90th  % 

Liner  failure  begins  in 
year  5 

Calculated  by  release  equations 
(same  as  best-estimate) 

1 n ject  ion  Wei  Is/ 
Cas ing  Fa i lure 

Best-est imate 

50th  % 

One  year  release  in  year 
]  for  water flood  wells; 
constant  annual  releases 
.during  years  11-13  for 
disposal  wel Is 

0.2-96  bbl/d  for  waterflood 
wells;  0.05-38  bbl/d  for 
disposa 1  wel Is 

Conservat ive 

90th  % 

Constant  annual  releases 
during  years  11-15  for 
water flood  and  disposal 
wel  Is 

Same  as  best-est imate 

Inject  ion  Wei W 
Grout  Seal  Failure 

Best-estimate 

50th  % 

Constant  annual  releases 
during  years  11-15  for 
waterflood  and  disposal 
wells 

0\ODQe5-0»0025  bbl/d  for 
waterflood  wells;  0.00025- 
O.O075  bbl/d  for  disposal  wells 

Conservat  ive 

90th  % 

Constant  annual  releases 
during  years  1-20  for 
waterflood  and  disposal 
wells  (immediate  failure, 
no  detection] 

0.05-0-5  bbl/d  for  waterflood 
wells;  0.05-1.5  bbl/d  for 
disposal  wells 

dSee  Table  V-l. 
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the  same  layers  considered  during  the  active  period.    For  unlined  pits, 
release  was  assumed  to  begin  immediately  at  the  start  of  the  modeling 
period.    For  lined  pits,  failure  (i.e.,  increase  in  hydraulic 
conductivity  of  the  liner)  was  assumed  to  occur  either  5  or  25  years 
after  the  start  of  the  modeling  period.    It  was  assumed  that  any  liquids 
remaining  in  unlined  reserve  pits  at  the  time  of  closure  would  be  land 
applied  adjacent  to  the  pit.    Liquids  remaining  in  lined  pits  were 
assumed  to  be  disposed  offsite. 

For  modeling  releases  to  surface  aquifers  from  Class  II  injection 
wells,  a  20-year  injection  well  operating  period  was  assumed,  and  two 
failure  mechanisms  were  studied:    (1)  failure  of  the  well  casing  (e.g.,  a 
corrosion  hole)  and  (2)  failure  of  the  grout  seal  separating  the  injection 
zone  from  the  surface  aquifer.    At  this  time,  the  Agency  lacks  the  data 
necessary  to  estimate  the  probability  of  casing  or  grout  seal  failures 
occurring.    A  well  casing  failure  assumes  that  injected  fluids  are  exiting 
the  well  through  a  hole  in  the  casing  protecting  the  surface  aquifer.  In 
most  cases,  at  least  two  strings  of  casing  protect  the  surface  aquifer 
and,  in  those  cases,  a  release  to  this  aquifer  would  be  highly  unlikely. 
The  Agency  has  made  exhaustive  investigations  of  Class  I  well  (i.e., 
hazardous  waste  disposal  well)  failures  and  has  found  no  evidence  of 
release  of  injected  fluids  through  two  strings  of  casing.    However,  the 
Agency  is  aware  that  some  Class  II  wells  were  constructed  with  only  one 
string  of  casing;  therefore,  the  scenarios  modeled  fall  within  the  realm 
of  possible  failures.    Since  integrity  of  the  casing  must  be  tested  every 
5  years  under  current  EPA  guidelines  (more  frequently  by  some  States), 
EPA  assumed  for  the  conservative  scenarios  that  a  release  would  begin  on 
the  first  day  after  the  test  and  would  last  until  the  next  test  (i.e., 
5  years).    For  the  best-estimate  scenarios,  EPA  assumed  that  the  release 
lasted  1  year  (the  minimum  feasible  modeling  period)  in  the  case  of 
waterflood  wells  and  3  years  in  the  case  of  disposal  wells,  on  the 
supposition  that  shorter  release  durations  would  be  more  likely  for 
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waterflooding  where  injection  flow  rates  and  volumes  are  important 
economic  considerations  for  the  operation.    EPA  also  assumed  here  that 
the  release  flow  from  a  failed  well  would  remain  constant  over  the 
duration  of  the  failure.    This  simplifying  assumption  is  more  likely  to. 
hold  in  low-pressure  wells  than  in  the  high-pressure  wells  more  typical 
of  waterflooding  operations.    In  high-pressure  wells  the  high  flow  rate 
would  likely  enlarge  the  casing  holes  more  rapidly,  resulting  in  more 
injection  fluid  escaping  into  the  wrong  horizon  and  a  noticeable  drop  of 
pressure  in  the  reservoir. 

For  the  grout  seal  type  of  failure,  EPA  estimated  for  conservative 
modeling  purposes  that  the  failure  could  last  for  20  years  (i.e.,  as  long 
as  the  well  operates).    This  is  not  an  unreasonable  worst-case  assumption 
because  the  current  regulations  allow  the  use  of  cementing  records  to 
determine  adequacy  of  the  cement  job,  rather  than  actual  testing  through 
the  use  of  logs.    If  the  cementing  records  were  flawed  at  the  outset,  a 
cementing  failure  might  remain  undetected.    As  part  of  its  review  of  the 
Underground  Injection  Control  (UIC)  regulations,  the  Agency  is  considering 
requiring  more  reliable  testing  of  the  cementing  of  wells,  which  would 
considerably  lessen  the  likelihood  of  such  scenarios.    For  an  alternative 
best-estimate  scenario,  the  Agency  assumed  a  5-year  duration  of  failure 
as  a  more  typical  possibility. 

Because  of  a  lack  of  both  data, and  adequate  modeling  methods,  other 
potentially  important  migration  pathways  by  which  underground  injection 
of  waste  could  contaminate  surface  aquifers  (e.g.,  upward  contaminant 
migration  from  the  injection  zone  through  fractures/faults  in  confining 
layers  or  abandoned  boreholes)  were  not  modeled. 

Chemical  transport  was  modeled  for  ground  water  and  surface  water 
(rivers).    Ground-water  flow  and  mass  transport  were  modeled  using  EPA's 
Liner  Location  Risk  and  Cost  Analysis  Model  (LLM)  (USEPA  1986).    The  LLM 
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uses  a  series  of  predetermined  flow  field  types  to  define  ground-water 
conditions  (see  Table  V-7);  a  transient-source,  one-dimensional, 
wetting-front  model  to  assess  unsaturated  zone  transport;  and  a  modified 
version  of  the  Random  Walk  Solute  Transport  Model  (Prickett  et  al .  1981) 
to  predict  ground-water  flow  and  chemical  transport  in  the  saturated 
zone.    All  ground  water  exposure  and  risk  estimates  presented  in  this 
report  are  for  the  downgradient  center  line  plume  concentration. 
Chemical  transport  in  rivers  was  modeled  using  equations  adapted  from  EPA 
(USEPA  1984a);  these  equations  can  account  for  dilution,  dispersion, 
particulate  adsorption,  sedimentation,  degradation  (photolysis, 
hydrolysis,  and  biodegradation) ,  and  volatilization. 

EPA  used  the  LLM  risk  submodel  to  estimate  cancer  and  chronic 
noncancer  risks  from  the  ingestion  of  contaminated  ground  and  surface 
water.    The  measure  used  for  cancer  risk  was  the  maximum  (over  the 
200-year  modeling  period)  lifetime  excess7  individual  risk,  assuming  an 
individual  ingested  contaminated  ground  or  surface  water  over  an  entire 
lifetime  (assumed  to  be  70  years).    These  risk  numbers  represent  the 
estimated  probability  of  occurrence  of  cancer  in  an  exposed  individual. 
For  example,  a  cancer  risk  estimate  of  1  x  10"5  indicates  that  the 
chance  of  an  individual  getting  cancer  is  approximately  one  in  a  million 
over  a  70-year  lifetime.    The  measure  used  for  noncancer  risk  was  the 
maximum  (over  the  200-year  modeling  period)  ratio  of  the  estimated 
chemical  dose  to  the  dose  of  the  chemical  at  which  health  effects  begin 
to  occur  (i.e.,  the  threshold  dose).    Ratios  exceeding  1.0  indicate  the 
potential  for  adverse  effects  in  some  exposed  individuals;  ratios  less 
than  1.0  indicate  a  very  low  likelihood  of  effect  (assuming  that 
background  exposure  is  zero,  as  is  done  in  this  study).    Although  these 
ratios  are  not  probabilities,  higher  ratios  in  general  are  cause  for 
greater  concern. 


7  Excess  refers  to  the  risk  increment  attributable  only  to  exposure  resulting  from  the 
releases  considered  tn  this  analysis.    Background  exposures  were  assumed  to  be  zero. 
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Table  V-7  OefmUion  of  Flow  Fields  Used  in  Ground-water  Transport  Modeling 


key  variables  defining  flow  field3 

Flow  field 

Aquifer  conf igurat ionb 

Horizontal  ground-water 
velocity 

A 

Unconf ined  aqu  ifer 

]  m/yr 

B 

Unconf ined  aquifer 

10  m/yr 

C 

Unconf ined  aqu  ifer 

100  m/yr 

D 

Unconf ined  aquifer 

1 ,000  m/yr 

£ 

Unconf ined  aquifer 

10,000  m/yr 

F 

Conf  >ned  aquifer 

0,05  m/yr  in  the  confining  layer  and 
100  m/yr  within  the  aquifer 

K 

Confined  aquifer 

0.05  m/yr  in  the  confining  layer  and 
10  m/yr  within  the  aquifer 

"Several  other  variables,  such  as  porosity,  distinguish  the  flow  fields,  but  the 
variables  listeJ  here  are  the  most  important  for  the  purpose  of  this  presentation. 


bln  general,  an  aquifer  is  defined  as  a  geological  unit  that  can  transmit 
significant  quantities  of  water.    An  unconf ined  aquifer  is  one  that  is  only  partly 
filled  with  water,  such  that  the  upper  surface  of  the  saturated  zone  is  free  to 
rise  and  decline.    A  confined  aquifer  is  one  that  is  completely  filled  with  water 
and  that  is  overlain  by  a  confining  layer  {a  rock  unit  that  restricts  the  movement 
of  ground  water) + 
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As  a  means  of  assessing  potential  effects  on  aquatic  organisms,  EPA 
estimated,  for  each  model  scenario  involving  surface  water,  the  volume 
contaminated  above  an  aquatic  effects  threshold.    EPA  also  estimated  the 
volumes  of  ground  and  surface  water  contaminated  above  various  resource 
damage  thresholds  (e.g.,  the  secondary  drinking  water  standard  for 
chloride) . 

QUANTITATIVE  RISK  MODELING  RESULTS:    HUMAN  HEALTH 

This  section  summarizes  the  health  risk  modeling  results  for  onsite 
reserve  pits  (drilling  wastes),  underground  injection  wells  (produced 
water),  and  direct  discharges  to  surface  water  (produced  water,  stripper 
well  scenarios  only).    Cancer  risk  estimates  are  presented  separately 
from  noncancer  risk  estimates  throughout.    This  section  also  summarizes 
EPA's  preliminary  estimates  of  the  size  of  populations  that  could 
possibly  be  exposed  through  drinking  water. 

Onsite  Reserve  Pits—Drilling  Wastes 

Cancer  and  noncancer  health  risks  were  analyzed  under  both 
best -estimate  and  conservative  modeling  assumptions  for  1,134  model 
scenarios8  of  onsite  reserve  pits.    Arsenic  was  the  only  potential 
carcinogen  among  the  constituents  modeled  for  onsite  reserve  pits.  Of 
the  noncarcinogens,  only  sodium  exceeded  its  effect  threshold;  neither 
cadmium  nor  chromium  VI  exceeded  their  thresholds  in  any  model  scenarios 
(in  its  highest  risk  scenario,  cadmium  was  at  15  percent  of  threshold; 
chromium  VI,  less  than  1  percent). 


8  },134  «  9  inf iltration/unsaturated  zone  types  x  7  ground-water  flow  field  types  x  3 
exposure  distances  x  3  size  categories  x  2  liner  types. 


V-23 


Nationally  Weighted  Risk  Distributions 


Figure  V-3  presents  the  nationally  weighted  frequency  distributions 
of  human  health  risk  estimates  associated  with  unlined  onsite  reserve 
pits.    The  figure  includes  best-estimate  and  conservative  modeling 
results  for  both  cancer  (top)  and  noncancer  (bottom)  risks.    Only  the 
results  for  unlined  reserve  pits  are  given  because  the  presence  or 
absence  of  a  liner  had  little  influence  on  risk  levels  (see  section  on 
major  factors  affecting  health  risk).    Many  of  the  scenarios  in  the 
figure  show  zero  risk  because  the  nearest  potential  exposure  well  was 
estimated  to  be  more  than  2  kilometers  away  (roughly  61  percent  of  all 
scenarios) . 

Under  best-estimate  assumptions,  there  were  no  cancer  risks  from 
arsenic  because  arsenic  was  not  included  as  a  constituent  of  the  modeled 
waste  (i.e.,  the  median  arsenic  concentration  in  the  f ield  .sampl ing  data 
was  below  detection  limits;  see  Table  V-l).    Under  conservative 
assumptions,  nonzero  cancer  risks  resulting .from  arsenic  were  estimated 
for  18  percent  of  the  nationally  weighted  reserve  pit  scenarios,  with 
roughly  2  percent  of  the  scenarios  having  cancer  risks  greater  than 
1  x  10"7.    Even  under  conservative  modeling  assumptions,  drilling  waste 
pit  scenarios  produced  maximum  lifetime  cancer  risks  of  less  than  1  in 
100,000  for  individuals  drinking  affected  water. 

A  few  threshold  exceedances  for  sodium  were  estimated  under  both 
best-estimate  and  conservative  assumptions.    Under  best-estimate 
assumptions,  more  than  99  percent  of  nationally  weighted  reserve  pit 
scenarios  posed  no  noncancer  risk  (i.e.,  they  were  below  threshold).  A 
few  model  scenarios  had  noncancer  risks,  but  none  exceeded  10  times  the 
sodium  threshold.    Under  conservative  assumptions,  98  percent  of 
nationally  weighted  reserve  pit  scenarios  did  not  pose  a  noncancer  risk. 
The  remaining  2  percent  of  reserve  pit  scenarios  had  estimated  exposure 
point  sodium  concentrations  between  up  to  32  times  the  threshold. 
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Based  on  a  literature  review  conducted  as  part  of  the  development  of 
the  Liner  Location  Model  data  base  (USEPA  1986),  chloride  is  the  only 
model  drilling  waste  constituent  for  which  either  a  taste  or  odor 
threshold  concentration  is  known.    EPA  (1984b)  reports  that  the  taste 
threshold  for  chloride  is  roughly  250  mg/L  (i.e.,  this  is  the  minimum 
chloride  concentration  in  water  that  a  person  may  be  able  to  taste).  For 
the  highest  cancer  risk  case,  the  maximum  chloride  concentration  at  the 
exposure  well  was  estimated  to  be  400  mg/L;  for  the  highest  noncancer 
risk  case,  the  maximum  chloride  concentration  at  the  exposure  well  was 
estimated  to  be  approximately  5,000  mg/L.    Therefore,  it  appears  that,  if 
water  contained  a  high  enough  arsenic  concentration  to  pose  cancer  risks 
on  the  order  of  1  x  10"5  or  sodium  concentrations  100  times  the  effect 
threshold,  people  may  be  able  to  taste  the  chloride  that  would  also 
likely  be  present.    The  question  remains,  however,  whether  people  would 
actually  discontinue  drinking  water  containing  these  elevated  chloride 
concentrations.    EPA  (1984b)  cautions  that  consumers  may  become 
accustomed  to  the  taste  of  chloride  levels  somewhat  higher  than  250  mg/L. 

■ 

For  purposes  of  illustration,  Figure  V-4  provides  an  example  of  the 
effect  of  weighting  the  risk  results  to  account  for  the  estimated 
national  frequency  of  occurrence  of  the  model  scenarios.  Essentially, 
weighting  allows  risk  results  for  more  commonly  occurring  scenarios  to 
"count"  more  than  results  from  less  commonly  occurring  scenarios. 
Weighting  factors  were  developed  and  applied  for  the  following  variables, 
based  on  estimated  frequency  of  occurrence  at  oil  and  gas  sites:  pit 
size,  distance  to  drinking  water  well,  ground-water  type,  depth  to  ground 
water,  recharge,  and  subsurface  permeability.    Other  potentially 
important  risk-influencing  factors,  especially  waste  composition  and 
strength,  were  not  modeled  as  variables  because  of  lack  of  information 
and  thus  are  not  accounted  for  by  weighting. 

In  the  example  shown  in  Figure  V-4  (conservative-estimate  cancer 
risks  for  unlined  onsite  pits),  weighting  the  risk  results  decreases  the 
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risk  (i.e.,  shifts  the  distribution  toward  lower  risk).    This  happens 
primarily  because  close  exposure  distances  (60  and  200  meters),  which  . 
correspond  to  relatively  high  risks,  occur  less  frequently  and  thus  are 
less  heavily  weighted  than  greater  distances.    In  addition,  the  effect  of 
pit  size  weighting  tends  to  shift  the  weighted  distribution  toward  lower 
risk  because  small  (i.e.,  lower  risk)  pits  occur  more  frequently  and  are 
thus  more  heavily  weighted.    These  factors  override  the  effect  of  flow 
field  weighting,  which  would  tend  to  shift  the  distribution  toward  higher 
risk  because  the  high-risk  flow  fields  for  arsenic  (C  and  D)  are  heavily 
weighted.    The  national  weightings  of  recharge,  depth  to  ground  water, 
and  subsurface  permeability  probably  had  little  overall  impact  on  the 
risk  distribution  (i.e.,  if  weighted  only  for  these  three  factors,  the 
distribution  probably  would  not  differ  greatly  from  unweighted).  All 
weighting  factors  used  are  given  in  Appendix  B  of  the  EPA  technical 
support  document  (USEPA  1987a). 

?one-WeiQhted  Risk  Distributions 

Overall,  differences  in  risk  distributions  among  zones  were 
relatively  small.    Cancer  risk  estimates  under  best-estimate  modeling 
assumptions  were  zero  for  all  zones.    Under  conservative  assumptions,  the 
cancer  risk  distributions  for  zones  2  (Appalachia) ,  4  (Gulf),  6  (Plains), 
and  7  (Texas/Oklahoma)  were  slightly  higher  than  the  distribution  for  the 
nation  as  a  whole.    The  cancer  risk  distributions  for  zones  5  (Midwest), 
8  (Northern  Mountain),  9  (Southern  Mountain),  10  (West  Coast),  and  1 IB 
(Alaska,  non-North  Slope)  were  lower  than  the  nationally  weighted 
distribution;  zones  10  and  1 IB  were  much  lower.    The  risk  distributions 
for  individual  zones  generally  varied  from  the  national  distribution  by 
less  than  one  order  of  magnitude. 

Noncancer  risk  estimates  under  best-estimate  modeling  assumptions 
were  extremely  low  for  all  zones.    Under  conservative  assumptions,  zones 
2,  4,  5,  7,  and  8  had  a  small  percentage  (1  to  10  percent)  of  weighted 


V-28 


scenarios  with  threshold  exceedances  for  sodium;  other  zones  had  less 
than  1  percent.    There  was  little  variability  in  the  noncancer  risk, 
distributions  across  zones. 

The  reasons  behind  the  differences  in  risks  across  zones  are  related 
to  the  zone-specific  relative  weightings  of  reserve  pit  size,  distance  to 
receptor  populations,  and/or  environmental  variables.    For  example,  the 
main  reason  zone  10  has  low  risks  relative  to  other  zones  is  that 
92  percent  of  drilling  sites  were  estimated  to  be  in  an  arid  setting 
above  a  relatively  low-risk  ground-water  flow  field  having  an  aquitard 
(flow  field  F) .    Zone  1  IB  has  zero  risks  because  all  potential  exposure 
wells  were  estimated  to  be  more  than  2  kilometers  away. 

In  summary,  differences  in  cancer  risks  among  the  geographic  zones 
were  not  great.    Cancer  risks  were  only  prevalent  in  the  faster  aquifers 
(i.e.,  flow  fields  C,  D,  and  £,  with  C  having  the  highest  cancer  risks). 
Zone  4,  with  the  highest  cancer  risks  overall,  also  was  assigned  the 
highest  weighting  among  the  zones  for  flow  field  C.    Noncancer  risks 
caused  by  sodium  were  highest  in  zone  5.    Noncancer  risks  occurred  only 
in  the  more  slow-moving  flow  fields  (i.e.,  flow  fields  A,  B,  and  K,  with 
A  having  the  highest  noncancer  risks);  among  the  zones,  zone  5  was 
assigned  the  highest  weighting  for  flow  field  A.    EPA  considered  the 
possible  role  of  distributions  of  size  and  distance  to  exposure  points, 
but  determined  that  aquifer  configuration  and  velocity  probably 
contributed  most  strongly  to  observed  zone  differences  in  estimates  of 
human  health  risks.    The  consistent  lack  of  risk  for  zone  11B,  however, 
is  entirely  because  of  the  large  distance  to  an  exposure  point.    (See  the 
section  that  follows  on  estimated  population  distributions.) 

Evaluation  of  Maior  Factors  Affecting  Health  Risk 

EPA  examined  the  effect  of  several  parameters  related  to  pit  design 
and  environmental  setting  that  were  expected  to  influence  the  release  and 
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transport  of  contaminants  leaking  from  onsite  reserve  pits.    To  assess 
the  effect  of  each  of  these  parameters  in  isolation,  all  other  parameters 
were  held  constant  for  the  comparisons.    The  results  presented  in  this 
section  are  not  weighted  according  to  either  national  or  zone-specific 
frequencies  of  occurrence.    Instead,  each  model  scenario  is  given  equal 
weight.    Thus,  the  following  comparisons  are  not  appropriate  for  drawing 
conclusions  concerning  levels  of  risk  for  the  national  population  of 
onsite  reserve  pits.    They  are  appropriate  for  examining  the  effect  of 
selected  parameters  on  estimates  of  human  health  risk. 

The  presence  or  absence  of  a  conventional,  single  synthetic  liner 
underneath  an  onsite  reserve  pit  had  virtually  no  effect  on  the  200-year 
maximum  health  risk  estimates.    A  liner  does  affect  timing  of  exposures 
and  risks,  however,  by  reducing  the  amounts  of  leachate  (and  chemicals) 
released  early  in  the  modeling  period.    EPA's  modeling  assumed  a  single 
synthetic  liner  with  no  leak  detection  or  leachate  collection.  (Note 
that  this  is  significantly  different  from  the  required  Subtitle  C  liner 
system  design  for  hazardous  waste  land  disposal  units.)    Furthermore,  EPA 
assumed  that  such  a  liner  would  eventually  degrade  and  fail,  resulting  in 
release  of  the  contaminants  that  had  been  contained.    Thus,  over  a  long 
modeling  period,  mobile  contaminants  that  do  not  degrade  or  degrade  very 
slowly  {such  as  the  ones  modeled  here)  will  produce  similar  maximum  risks 
whether  they  are  disposed  of  in  single-synthetic-lined  or  unlined  pits 
(unless  a  significant  amount  of  the  contained  chemical  is  removed,  such 
as  by  dredging).    This  finding  should  not  be  interpreted  to  discount  the 
benefit  of  liners  in  general.    Measures  of  risk  over  time  periods  shorter 
than  200  years  would  likely  be  lower  for  lined  pits  than  for  unlined 
ones.    Moreover,  by  delaying  any  release  of  contaminants,  liners  provide 
the  opportunity  for  management  actions  (e.g.,  removal)  to  help  prevent 
contaminant  seepage  and  to  mitigate  seepage  should  it  occur. 
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Figure  V-5  represents  unweighted  risks  associated  with  unlined 
reserve  pits  under  the  conservative  modeling  assumptions  for  three 
reserve  pit  sizes  and  three  distances  to  the  exposure  point.  Each 
combination  of  distance  and  reserve  pit  size  includes  the  risk  results 
from  all  environmental  settings  modeled  (total  of  63),  equally  weighted. 
Figure  V-5  shows  that  the  unweighted  risk  levels  decline  with  increasing 
distance  to  the  downgradient  drinking  water  well.    The  decline  is 
generally  less  than  an  order  of  magnitude  from  60  to  200  meters,  and 
greater  than  an  order  of  magnitude  from  200  to  1,500  meters-  Median 
cancer  risk  values  exceed  10"10  only  at  the  60-meter  distance,  and 
median  dose-to-threshold  ratios  for  noncancer  effects  exceed  1.0  only  for 
large  pits  at  the  60-meter  distance.    Risks  also  decrease  as  reserve  pit 
size  decreases  at  all  three  distances,  although  risks  for  small  and  large 
pits  are  usually  within  the  same  order  of  magnitude. 

Figure  V-6  compares  risks  across  the  seven  ground-water  flow  field 
types  modeled  in  this  analysis.    Both  cancer  and  noncancer.  risks  vary 
substantially  across  flow  fields.    The  noncancer  risks  (from  sodium)  are 
greatest  in  the  slower  moving  flow  fields  that  provide  less  dilution 
(i.e.,  flow  fields  A,  B,  and  K),  while  the  cancer  risks  (from  arsenic) 
are  greatest  in  the  higher  velocity/higher  flow  settings  (i.e.,  flow 
fields  C,  D,  and  E).    Sodium  is  highly  mobile  in  ground  water,  and  it  is 
diluted  to  below  threshold  levels  more  readily  in  the  high-velocity/ 
high-flow  aquifers.    Arsenic  is  only  moderately  mobile  in  ground  water 
and  tends  not  to  reach  downgradient  exposure  points  within  the  200-year 
modeling  period  in  the  slower  flow  fields.    If  the  modeling  period  were 
extended,  cancer  risks  resulting  from  arsenic  would  appear  in  the  more 
slowly  moving  flow  field  scenarios. 

As  would  be  expected,  both  cancer  and  noncancer  risks  increased  with 
increasing  recharge  rate  and  with  increasing  subsurface  permeability. 
Risk  differences  were  generally  less  than  an  order  of  magnitude.  Depth 
to  ground  water  had  very  little  effect  on  the  200-year  maximum  risk, 


V-31 


» 


- 1  - 


-2- 


-3  - 


10 

10 
10 
10  4 
10-s 

10'6 

10*7' 

10* 
10  9 

10*10 


CANCER 


IHJ 


MEDIAN 
90th  % 


LMS  LMS  LMS 

6  0  20  0  150  0 

Distance  to  Well  (m) 


PIT  SEZE 


03 

o 
-c 
w 
o 


O 

tn 
o 
a 


NONCANCER 


LMS 


MEDIAN 
90th  % 


LMS 


LMS 

200  1500 
Distance  to  Well  (m) 


PIT  SIZE 


L  -  Large,  M  =  Medium,  S  =  Small  Reserve  Pits 


Figure  V-5      Health  Risk  Estimates  (Unweighted)  as  a  Function  of 

Size  and  Distance.    Unlined  Reserve  Pits. 
Conservative  Modeling  Assumptions 


V-32 


1 

10*1 

io-2 

103 

X 

■2  10  s 
a 

10*6 
10"7 
10*8 
10-' 

10-1D 


CANCER  (Arsenic) 


Median 


EI 


B  C  D  E  F 

Ground-Water  Flow  Field  Type 


- 1— 
K 


R3 

o 

-E 

(I) 

Ctt 


0 

o 
a 


10* 

103 
102 
101 

1 

io-1 

10^ 
10'6 

10*8 


I 


I 


NONCANCER  (Sodium) 


Median 


I 


i 


I 


1 


K 


Ground-Water  Flow  Fietd  Type 


Figure  V-6 


Health  Risk  Estimates  (Unweighted)  as  a  Function  of 
Ground-Water  Type.    Unlined  Reserve  Pits  (Large). 
60-Meter  Exposure  Distance.    Conservative  Modeling 

Assumptions 


V-33 


although  risks  were  slightly  higher  for  shallow  ground-water  settings. 
This  lack  of  effect  occurs  because  the  risk-producing  contaminants  are' at 
least  moderately  mobile  and  do  not  degrade  rapidly,  if  at  all;  thus,  the 
main  effect  observed  for  deeper  ground-water  settings  was  a  delay  in 
exposures. 

Underground  Inject ion- -Produced  Water 

Cancer  and  noncancer  health  risks  were  analyzed  under  both  best- 
estimate  and  conservative  modeling  assumptions  for  168  model  Class  II 
underground  injection  well  scenarios.9    Two  injection  well  types 
were  differentiated  in  the  modeling:    waterflooding  and  dedicated 
disposal.    Design,  operating,  and  regulatory  differences  between  the  two 
types  of  wells  possibly  could  affect  the  probability  of*failure,  the 
probability  of  detection  and  correction  of  a  failure,  and  the  likely 
magnitude  of  release  given  a  failure. 

Two  types  of  injection  well  failure  mechanism  were  modeled:  grout 
seal  failure  and  well  casing  failure.    All  results  presented  here  assume 
that  a  failure  occurs;  because  of  a  lack  of  sufficient  information,  the 
probability  of  either  type  of  failure  mechanism  was  not  estimated  and 
therefore  was  not  directly  incorporated  into  the  risk  estimates.  If 
these  types  of  failure  are  low-frequency  events,  as  EPA  believes,  actual 
risks  associated  with  them  would  be  much  lower  than  the  conditional  risk 
estimates  presented  in  this  section.    No  attempt  was  made  to  weight  risk 
results  according  to  type  of  failure,  and  the  two  types  are  kept  separate 
throughout  the  analysis  and  discussion. 

Nationally  Weighted  Risk  Distributions 

The  risk  estimates  associated  with  injection  well  failures  were 
weighted  based  on  the  estimated  frequency  of  occurrence  of  the  following 


9  166  =  7  ground-water  flow  field  types  x  3  exposure  distances  x  2  size  categories  x  Z  well 
types  x  2  failure  mechanisms. 
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variables:    injection  well  type,  distance  to  nearest  drinking  water  well, 
and  ground-water  flow  field  type.    In  addition,  all  risk  results  for 
grout  seal  failure  were  weighted  based  on  injection  rate.    As  for  reserve 
pits,  insufficient  information  was  available  to  account  for  waste 
characteristics  and  other  possibly  important  variables  by  weighting. 

Grout  seal  failure:    Best-estimate  cancer  risks,  given  a  grout  seal 
failure,  were  estimated  to  be  zero  for  more  than  85  percent  of  the  model 
scenarios.    The  remaining  scenarios  had  slightly  higher  risks  but  never 
did  the  best-estimate  cancer  risk  exceed  1  x  10"7.    Under  conservative 
assumptions,  roughly  65  percent  of  the  scenarios  were  estimated  to  have 
zero  cancer  risk,  while  the  remaining  35  percent  were  estimated  to  have 
cancer  risks  ranging  up  to  4  x  10"4  (less  than  1  percent  of  the 
scenarios  had  greater  than  1  x  104  risk).    These  modeled  cancer  risks 
were  attributable  to  exposure  to  two  produced  water  constituents,  benzene 
and  arsenic.    Figure  V-7  (top  portion)  provides  a  nationally  weighted 
frequency  distribution  of  the  best-estimate  and  conservative-estimate 
cancer  risks,  given  a  grout  seal  failure.    Figure  V-7  shows  the  combined 
distribution  for  the  two  well  types  and  two  injection  rates  considered  in 
the  analysis,  the  three  exposure  distances,  and  the  seven  ground-water 
settings.    As  with  drilling  pits,  many  of  the  zero  risk  cases  were 
because  the  nearest  potential  exposure  well  was  estimated  to  be  more  than 
2  kilometers  away  (roughly  64  percent  of  all  scenarios). 

Modeled  noncancer  risks,  given' a  grout  seal  failure,  are  entirely 
attributable  to  exposures  to  sodium.    There  were  no  sodium  threshold 
exceedances  associated  with  grout  seal  failures  under  best-estimate 
conditions.    Under  conservative  conditions,  roughly  95  percent  of  the 
nationally  weighted  model  scenarios  also  had  no  noncancer  risk.  The 
remaining  5  percent  had  estimated  sodium  concentrations  at  the  exposure 
point  that  exceeded  the  effect  threshold,  with  the  maximum  concentration 
exceeding  the  effect  threshold  by  a  factor  of  70.    The  nationally 
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weighted  frequency  distribution  of  the  estimated  dose/threshold  ratios 
for  sodium  is  shown  in  the  bottom  portion  of  Figure  V-7. 

Data  are  available  on  the  taste  and  odor  thresholds  of  two  produced 
water  model  constituents:    benzene  and  chloride.    For  the  maximum  cancer 
risk  scenario  assuming  a  grout  seal  failure,  the  estimated  concentrations 
of  benzene  and  chloride  at  the  exposure  well  were  below  their  respective 
taste  and  odor  thresholds.    However,  for  the  maximum  noncancer  risk 
scenario  assuming  a  grout  seal  failure,  the  estimated  chloride 
concentration  did  exceed  the  taste  threshold  by  roughly  a  factor  of 
three.    Therefore,  people  might  be  able  to  taste  chloride  in  the  highest 
noncancer  risk  scenarios,  but  it  is  questionable  whether  anybody  would 
discontinue  drinking  water  containing  such  a  chloride  concentration. 

Well  casino  failure:    The  nationally  weighted  distributions  of 
estimated  cancer  and  noncancer  risks,  given  an  injection  well  casing 
failure,  are  presented  in  Figures  V-8  and  V-9.    Figure  V-8  gives  the  risk 
distributions  for  scenarios  with  high  injection  pressure,  and  Figure  V-9 
gives  the  risk  distributions  for  scenarios  with  low  injection  pressure. 
(Because  of  a  lack  of  adequate  data  to  estimate  the  distribution  of 
injection  pressures,  results  for  the  high  and  low  pressure  categories 
were  not  weighted  and  therefore  had  to  be  kept  separate.) 

Best-estimate  cancer  risks,  given  a  casing  failure,  were  zero  for 
approximately  65  percent  of  both  the  high  and  low  pressure  scenarios;  the 
remaining  scenarios  had  cancer  risk  estimates  ranging  up  to  5  x  10 
for  high  pressure  and  1  x  10"6  for  low  pressure.    The  majority 
(65  percent)  of  both  high  and  low  pressure  scenarios  also  had  no  cancer 
risks  under  the  conservative  assumptions,  although  approximately 
5  percent  of  the  high  pressure  scenarios  and  1  percent  of  the  low 
pressure  scenarios  had  conservative-estimate  cancer  risks  greater  than 
1  x  10"4  {maximum  of  9  x  104).    The  rest  of  the  scenarios  had 
conservative-estimate  cancer  risks  greater  than  zero  and  less  than 
1  x  10"4. 
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Estimates.    High  Pressure  Underground  Injection 
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For  noncancer  effects,  there  were  few  threshold  exceedances  for 
sodium  under  best-estimate  assumptions,  and  the  highest  exceedance  was. by 
less  than  a  factor  of  five.    Under  conservative  assumptions,  there  were 
more  numerous  exceedances  of  the  threshold,  given  a  well  casing  failure. 
Approximately  22  percent  of  the  nationally  weighted  high  pressure 
scenarios  were  estimated  to  exceed  the  sodium  threshold,  never  by  more 
than  a  factor  of  70.    Approximately  14  percent  of  low  pressure  scenarios 
were  estimated  to  exceed  the  sodium  threshold,  never  by  more  than  a 
factor  of  35. 

As  was  the  case  with  grout  seal  failures,  it  does  not  appear  that 
people  would  taste  or  smell  chloride  or  benzene  in  the  maximum  cancer 
risk  scenarios  assuming  casing  failures  (i.e.,  people  would  probably  not 
refuse  to  drink  water  containing  these  concentrations).    For  the  maximum 
noncancer  risk  scenarios,  'sensitive  individuals  may  be  able  to  taste 
chloride  or  smell  benzene.    It  is  uncertain  whether  people  would 
discontinue  drinking  water  at  these  contaminant  levels,  however. 

Zone-weighted  Risk  Distributions 

In  general,  the  estimated  cancer  and  noncancer  risk  distributions 
associated  with  injection  well  failures  (both  grout  seal  and  casing 
failures)  varied  little  among  zones.    Differences  in  risk  across  zones 
were  primarily  limited  to  the  extremes  of  the  distributions  (e.g.,  90th 
percentile,  maximum). 

The  cancer  risk  distributions  for  both  grout  seal  and  casing  failures 
in  zones  2  and  5  were  si iohtlv  higher  than  the  distribution  for  the 
nation  as  a  whole.    This  is  primarily  because  of  the  relatively  short 
distances  to  exposure  wells  in  these  two  zones  (compared  to  other 
zones).    In  contrast,  zones  8  and  11B  had  cancer  risk  distributions  for 
injection  well  failures  that  were  si iohtlv  lower  than  the  national 
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distribution.    This  difference  is  primarily  because  of  the  relatively 
long  distance  to  exposure  wells  in  these  zones.    (For  almost  80  percent 
of  production  sites  in  both  zones,  it  was  estimated  that  the  closest 
exposure  well  was  more  than  2  kilometers  away.)    A  similar  pattern  of 
zone  differences  was  observed  for  the  noncancer  risk  results. 

Evaluation  of  Major  Factors  Affecting  Health  Risk 

In  general,  estimated  risks  associated  with  well  casing  failure  are 
from  one  to  two  orders  of  magnitude  higher  than  risks  associated  with 
grout  seal  failure.    This  is  because  under  most  conditions  modeled,  well 
casing  failures  are  estimated  to  release  a  greater  waste  volume,  and  thus 
a  larger  mass  of  contaminants,  than  grout  seal  failures. 

The  risks  estimated  for  disposal  and  waterflood  wells  are  generally 
similar  in  magnitude.    For  assumed  casing  failures,  waterf1ood  wells  are 
estimated  to  cause  slightly  (no  more  than  a  factor  of  2.5  times)  higher 
risks  than  disposal  wells.    This  pattern  is  the  net  result  of  two 
differences  in  the  way  waterflood  and  disposal  wells  were  modeled.  The 
release  durations  modeled  for  disposal  wells  are  longer  than  those  for 
waterflood  wells,  but  the  injection  pressures  modeled  for  waterflood 
wells  are  greater  than  those  modeled  for  disposal  wells.    For  assumed 
grout  seal  failures,  disposal  wells  are  estimated  to  cause  slightly  (no 
more  than  a  factor  of  3  times)  higher  risks  than  waterflood  wells.  This 
pattern  results  because  the  injection  rates  modeled  for  disposal  wells 
are  up  to  3  times  greater  than  those  modeled  for  waterflood  wells. 

The  distance  to  a  potentially  affected  exposure  well  at  an  injection 
site  is  one  of  the  most  important  indicators  of  risk  potential.    If  all 
other  parameters  remain  constant,  carcinogenic  risks  decline  slightly 
less  than  one  order  of  magnitude  between  the  60-meter  and  200-meter  well 
distances;  carcinogenic  risks  decline  between  one  and  two  orders  of 
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magnitude  from  the  200-meter  to  the  1,500-meter  well  distances.  The 
effect  of  well  distance  is  a  little  less  pronounced  for  noncarcinogenic 
risks.    Sodium  threshold  exceedances  drop  by  less  than  an  order  of 
magnitude  between  the  60-meter  and  200-meter  well  distances  and  by 
approximately  one  order  of  magnitude  between  the  200-meter  and 
1,500-meter  well  distances.    The  reduction  in  exposure  with  increased 
distance  from  the  well  is  attributable  to  three-dimensional  dispersion  of 
contaminants  within  the  saturated  zone.    In  addition,  the  200-year 
modeling  period  limits  risks  resulting  from  less  mobile  constituents  at 
greater  distances  (especially  1,500  meters).    Degradation  is  not  a  factor 
because  the  constituents  producing  risk  degrade  very  slowly  (if  at  all) 
in  the  saturated  zone. 

Cancer  and  noncancer  risk  estimates  decrease  with  decreasing 
injection  rate/pressure.    This  relationship  reflects  the  dependence  of 
risk  upon  the  total  chemical  mass  released  into  the  aquifer  each  year, 
which  is  proportional  to  either  the  assumed  injection  flow  rate  (grout 
seal  failure)  or  pressure  (casing  failure-). 

Figure  V- 10  shows  how  the  unweighted  health  risk  estimates  associated 
with  injection  well  casing  failures  varied  for  the  different  ground-water 
flow  fields.    The  figure  includes  only  results  for  the  conservative 
modeling  assumptions,  the  high  injection  pressure,  and  the  60-meter 
modeling  distance,  because  risk  estimates  under  best-estimate  assumptions 
and  for  other  modeling  conditions  were  substantially  reduced  and  less 
varied.    As  shown,  conservative-estimate  carcinogenic  risks  ranged  from 
roughly  2  x  10"6  (for  flow  field  F)  to  approximately  6  x  10"  (for 
flow  field  D).    The  difference  in  the  risk  estimates  for  these  two  flow 
fields  is  due  primarily  to  their  different  aquifer  configurations.  Flow 
field  D  represents  an  unconfined  aquifer,  which  is  more  susceptible  to 
contamination  than  a  confined  aquifer  setting  represented  by  flow  field  F 
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The  ground-water  flow  field  also  influenced  the  potential  for 
noncarcinogenic  effects.    The  conservative-estimate  sodium  concentrations 
at  60  meters  exceeded  the  threshold  concentration  by  a  factor  ranging  up 
to  70  times.    The  unconfined  flow  fields  with  slow  ground-water 
velocities/low  flows  (A,  B,  C}  produced  the  highest  exceedances,  which 
can  be  attributed  to  less  dilution  of  sodium  in  these  flow  fields. 

Direct  Discharge  of  Produced  Water  to  Surface  Streams 

Cancer  and  noncancer  risks  were  analyzed  under  both  best-estimate  and 
conservative  waste  stream  assumptions  (see  Table  V-l)  for  a  total  of 
18  model  scenarios  of  direct  discharge  of  stripper  well -produced  fluids 
to  surface  waters.    These  scenarios  included  different  combinations  of 
three  discharge  rates  (1,  10,  and  100  barrels  per  day),  three  downstream 
distances  to  an  intake  point  (the  length  of  the  mixing  zone, 
5  kilometers,  and  50  kilometers),  and  two  surface  water  flow  rates  (40 
and  850  cubic  feet  per  second,  or  ft3/$).    The  discharges  in  these 
scenarios  were  assumed  to  be  at  a  constant  rate  over  a  20-year  period. 
Results  presented  for  the  stripper  well  scenarios  are  unweighted  because 
frequency  estimates  for  the  parameters  that  define  the  scenarios  were  not 
developed. 

For  the  best-estimate  waste  stream,  there  were  no  cancer  risks 
greater  than  1  x  10"5  estimated  for  any  of  the  scenarios.  However, 
cancer  risks  greater  than  1  x  10"5  were  estimated  for  17  percent  of  the 
scenarios  with  the  conservative  waste  stream- -the  maximum  was  3.5  x 
10     (for  the  high-rate  discharge  into  the  low-flow  stream,  and  a 
drinking  water  intake  immediately  downstream  of  the  discharge  point), 
These  cancer  risks  were  due  primarily  to  exposure  to  arsenic,  although 
benzene  also  contributed  slightly.    For  noncancer  risks,  none  of  the 
scenarios  had  a  threshold  exceedance  for  sodium,  regardless  of  whether 
the  best-estimate  or  conservative  waste  stream  was  assumed. 
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EPA  recognizes  that  the  model  surface  water  flow  rates  (40  and 
850  ft3/s)  are  relatively  high  and  that  discharges  into  streams  or 
rivers  with  flow  rates  less  than  40  ft3/s  could  result  in  greater  risks 
than  are  presented  here.    Therefore,  to  supplement  the  risk  results  for 
the  model  scenarios,  EPA  analyzed  what  a  river  or  stream  flow  rate  would 
have  to  be  (given  the  model  waste  stream  concentrations  and  discharges 
rates)  in  order  for  the  contaminant  concentration  in  the  mixing  zone 
(assuming  instantaneous  and  complete  mixing  but  no  other  removal 
processes)  to  be  at  certain  levels. 

The  results  of  this  analysis,  presented  in  Table  V-8,  demonstrate 
that  reference  concentrations  of  benzene  would  be  exceeded  only  in  very 
low-flow  streams  (i.e.,  less  than  5  ft3/s)  under  all  of  the  model 
conditions  analyzed.    It  is  unlikely  that  streams  of  this  size  would  be 
used  as  drinking  water  sources  for  long  periods  of  time.  However, 
concentrations  of  arsenic  and  sodium  under  conservative  modeling 
conditions  could  exceed  reference  levels  in  the  mixing  zone  in  relatively 
large  streams,  which  might  be  used  as  drinking  water  sources.  The 
concentrations  would  be  reduced  at  downstream  distances,  although 
estimates  of  the  surface  water  flow  rates  corresponding  to  reference 
concentrations  at  different  distances  have  not  been  made. 

Potentially  Exposed  Population 

Preliminary  estimates  of  the  potentially  exposed  population  were 
developed  by  estimating 'the  number  of  individuals  using  private  drinking 
water  wells  and  public  water  supplies  located  downgradient  from  a  sample 
of  oil  and  gas  wells.    These  estimates  were  based  on  data  obtained  from 
local  water  suppliers  and  300  USGS  topographic  maps.    One  hundred  of  the 
maps  were  selected  from  areas  containing  high  levels  of  drilling  activity, 
and  200  were  selected  from  areas  containing  high  levels  of  production. 
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Table  V-8  Surface  Water  Flow  Rates  At  Which  Concentrations  of  Waste  Stream 
Constituents  in  the  Mixing  Zone  Will  Exceed  Reference  Levels* 


Concerurat  ion 
Constituent  in  waste 


Waste  stream  discharge  r-.te 


High 
(IOC  BPD) 


Medium 
(10  0PO) 


(1  BPD) 


Arsenic 


Median 
90th  % 


3  b 
<     5  ft  /s 


<  470  ft  /s 


<0.5  ft  1% 


<  50  ft  /s 


c    ,05  ft  /s 


<  5       ft  /s 


Benzene 


Median 
90th  SS 


i      1  ft  /s 


<     3  ft  /s 


<  0.1  ft  /s 


c  o.a  ft  /s 


<  0.01  ft  /s 


<  0.03  ft  /s 


Sodium 


Median 


<     3  ft  /s 


<  0,3  ft  /s 


<  0.03  ft  /s 


90th  % 


<  . 20  ft  /$ 


*■    2    ft  /s 


0.3    ft  /s 


aThe  reference  levels  referred  to  are  the  arsenic  and  benzene  concentrations 
that  correspond  to  a  1  x  10'^  lifetime  cancer  risk  level  (assuming  a  70-kg 
individual  ingests  2  1/6)  and  EPA's  suggested  guidance  level  for  sodium  for  the 
prevention  of  hypertension  in  hign-risk  individuals. 

^Should  be  interpreted  to  mean  that  the  concentration  of  arsenic  in  the  mixing 
zone  would  exceed  the  1  x  10" 5  hfetime  cancer  risk  level  if  the  receiving 
stream  or  river  was  flowing  at  a  rate  of  5  ft3/s  or  lower,    If  the  stream  or 
river  was  flowing  at  a  higher  rate,  then  the  maximum  concentration  of  arsenic 
would  not  exceed  the  1  x  10"^  lifetime  cancer  risk  level. 
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Table  V-9  summarizes  the  sample  results  for  the  population  potentially 
exposed  through  private  drinking  water  wells.    As  shewn  in  this  table, 
over  60  percent  of  the  oil  and  gas  wells  in  both  the  drilling  and 
production  sample  did  not  have  private  drinking  water  wells  within  2,000 
meters  downgradient  and  only  2  percent  of  the  oil  and  gas  wells  were 
estimated  to  have  private  drinking  water  wells  within  the  60-meter  (i.e., 
higher-risk)  distance  category.    Moreover,  the  numbers  of  potentially 
affected  people  per  oil  and  gas  well  in  the  60-meter  distance  category 
were  relatively  small.    One  other  interesting  finding  demonstrated  in 
Table  V-9  is  that  fewer  potentially  affected  individuals  were  estimated 
to  be  in  the  1,500-meter  distance  category  than  in  the  200-meter 
category.    This  situation  is  believed  to  occur  because  some  residences 
located  farther  from  oil  and  gas  wells  were  on  the  other  side  of  surface 
waters  that  appeared  to  be  a  point  of  ground-water  discharge. 

The  sample  results  for  the  population  potentially  exposed  through 
public  water  supplies  are  summarized  in  Table  V- 10.    These  results  show  a 
pattern  similar  to  those  for  private  drinking  water  wells;  this  is,  most 
oil  and  gas  wells  do  not  have  public  water  supply  intakes  within  2,000 
meters  and  of  those  that  do  only  a  small  fraction  have  public  water 
supply  intakes  within  the  60-meter  distance  category. 

The  results  in  Tables  V-9  and  V-10  are  for  the  nation  as  a  whole. 
Recognizing  the  limitations  of  the.  sample  and  of  the  analysis  methods, 
EPA's  data  suggest  that  zone  2  (Appal achia)  and  zone  7  (Texas/Oklahoma) 
have  the  greatest  relative  number  of  potentially  affected  individuals  per 
oil  and  gas  well  (i.e.,  potentially  affected  individuals  are,  on  the 
average,  closer  to  oil  and  gas  wells  in  these  zones  relative  to  other 
zones).    In  addition,  zone  4  (Gulf)  has  a  relatively  large  number  of 
individuals  potentially  affected  through  public  water  supplies.    Zone  11 
(Alaska)  and  zone  8  (Northern  Mountain)  appear  to  have  relatively  fewer 
potentially  affected  individuals  per  oil  and  gas  well.  Further 
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T3b1e  V-9  Populat ion  Potentially  Exposed  Through  Private  Drinking 
Water  Wells  at  Sample  Drilling  and  Production  Areas 


Drilling  sample  results 


Production  samp  is  results 


Distance 
category5 


60  meters 
200  meters 
1 ,500  meters 
>2,000  meters 


No.  [%}  of  oil/gas 
wel  Is  with  private 
drinking  water 
we  1  Is  within 
distance  category 


551(2) 
4,765(17) 

17,0%(ol} 


Maximum  no.  of 
potentially  affected 
indiv iduals  per  oil 

and  gas  wel  lb 


0,11 
0  +  44 
0.3? 


No.  (%)  of  oil/gas 
wel Is  with  private 
drinking  water 
wells  within 
distance  category 


5,139(16) 
5.460(17} 
20,879(65) 


Maximum  no.  of 
potentially  affected 
individuals  per  oil 

and  gas  well^ 


0.17 
0.58 
0.35 
NA 


aDr inking  water  wells  were  counted  as  60  meters  downgradient  if  they  were  witniri  0  and  130  meters,  were 
counted  as  200  meters  downgradient  if  they  were  within  130  and  800  meters,  and  were  counted  ks  1,500  meters 
downgradient  if  they  were  within  800  and  2,000  meters. 

bThese  ratios  largely  overestimate  the  number  of  people  actually  affected  per  oil  and  gas  well  (see  text)  and 
should  be  used  to  estimate  the  total  numoer  of  people  affected  only  with  caption.    The  figures  are  intended 
simply  to  give  a  preliminary  indication  of  the  potentially  exposed  population  and  the  distribution  of  that 
population  in  different  distance  categories. 

cNot  available;  distances  greater  than  2,000  meters  from  oil  and  gas  wells  were  not  modeled. 
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Table  V-10  Population  Potentially  Exposed  Through  Public  Water 
Supplies  at  Sample  Drilling  and  Production  Areas 


Drilling  sample  results 


Production  sample  results 


Di stance 
Category3 


No.  U)  of  oil/gas 
wells  with  private 
drinking  water 
wel Is  within 
distance  category 


Max  lfnum  no .  of 
potentially  affected 
individuals  per  oil 

and  gas  wel 1^ 


No,  {%)  of  oi  1/gas 
we  1  Is  with  private 
drinking  water 
wel^s  within 
distance  category 


Maximum  no.  &f 
potentially  affected 
individuals  per  oil 

and  gas  we  1 


60  meters 

87 

(0.3) 

3.6 

54 

(0.Z) 

96 

200  meters 

217 

(0.8) 

0.76 

210 

(0.7) 

8.1 

] ,  500  meters 

232 

(OS) 

0.55 

517 

(2) 

3.9 

^2,000  meters 

27,492 

(98) 

NAC 

31.239 

(97) 

NAC 

aPub1ic  water  supply  intakes  were  counted  as  60  meters  ingredient  if  they  were  within  0  and  130  meters,  were 
counted  as  200  meters  downgrade  if  they  were  within  130  and  800  meters,  and  were  counted  as  1,500  meters 
downgradient  if  they  were  within  800  and  2.000  meters. 

■^These  ratios  largely  overestimate  the  number  of  people  actually  affected  per  oil  and  gas  well  (see  text)  and 
should  be  used  to  estimate  the  total  number  of  people  affected  only  with  caution.    The  figures  are  intended 
simply  to  glve  a  preliminary  indication  of  the  potentially  exposed  population  and  the  d1Str,but.on  of  that 
population  in  different  distance  categories. 

cNot  available:  distances  greater  than  2.0D0  meters  from  oil  and  gas  wells  were  not  modeled. 
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discussion  of  the  differences  in  population  estimates  across  zones  is 
provided  in  the  supporting  technical  report  (USEPA  1987a). 

The  number  of  potentially  affected  people  per  oil  and  gas  well  in 
Tables  V-9  and  V- 30  represents  the  maximum  number  of  people  in  the  sample 
that  could  be  affected  if  all  the  oil  and  gas  wells  in  the  sample 
resulted  in  ground-water  contamination  out  to  2,000  meters.    The  number 
of  persons  actually  affected  is  probably  much  smaller  because  ground 
water  may  not  be  contaminated  at  all  (if  any)  of  the  sites,  some  of  the 
individuals  may  rely  on  surface  water  or  rainwater  rather  than  on  ground 
water,  and  some  of  the  individuals  and  public  water  supplies  may  not  have 
drinking  water  wells  that  are  hydraul ical ly  connected  to  possible  release 
sources.    Also,  the  sample  population  potentially  exposed  through  public 
water  supplies  is  probably  far  less  than  estimated,  because  public  water 
is  frequently  treated  prior  to  consumption  (possibly  resulting  in  the 
removal  of  oil  and  gas  waste  contaminants)  and  because  many  supply  systems 
utilize  multiple  sources  of  water,  with  water  only  at  times  being  drawn 
from  possibly  contaminated  sources.    Therefore,  these  ratios  largely 
overestimate  the  number  of  people  actually  exposed  per  oil  and  gas  well 
and  should  be  used  to  estimate  the  total  number  of  people  affected  only 
with  caution.    The  figures  are  intended  simply  to  give  a  preliminary 
indication  of  the  potentially  exposed  population  and  the  distribution  of 
that  population  in  different  distance  categories. 

QUANTITATIVE  RISK  MODELING  RESULTS:    RESOURCE  DAMAGE 

For  the  purposes  of  this  study,  resource  damage  is  defined  as  the 
exceedance  of  pre-set  threshold  (i.e.,  "acceptable")  concentrations  for 
individual  contaminants,  based  on  levels  associated  with  aquatic 
toxicity,  taste  and  odor,  or  other  adverse  impacts.  Potential 
ground-water  and  surface  water  damage  was  measured  as  the  maximum  (over 
the  200-year  modeling  time  period)  annual  volume  of  contaminated  water 
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flowing  past  various  points  downgradient  or  downstream  of  the  source. 
Only  the  volume  of  water  that  exceeded  a  damage  threshold  concentration 
was  considered  to  be  contaminated.    This  measure  of  potential 
ground-water  and  surface  water  damage  was  computed  for  each  of  three 
distances  downgradient  or  downstream  from  a  source:  60,  200,  and 
1 , 500  meters , 

These  estimates  of  resource  damage  supplement,  but  should  be 
considered  separate  from,  the  damage  cases  described  in  Chapter  IV.  The 
resource  damage  results  summarized  here  are  strictly  for  the  model 
scenarios  considered  in  this  analysis,  which  represent:    (1)  seepage  of 
reserve  pit  wastes;  (2)  releases  of  produced  water  from  injection  well 
failures;  and  (3)  direct  discharge  of  produced  water  from  stripper  wells 
to  streams  and  rivers.    While  these  releases  may  be  similar  to  some  of 
the  damage  cases  described  in  Chapter  IV,  no  attempt  was  made  to 
correlate  the  scenarios  to  any  given  damage  case(s) .    In  addition, 
Chapter  IV  describes  damage. cases  from  several  types  of  releases  (e.g., 
land  application)  that  were  not  modeled  as  part  of  this  quantitative  risk 
analysis. 

Potential  Ground-Water  Damage—Drilling  Wastes 

Two  contaminants  were  modeled  for  ground-water  resource  damage 
associated  with  onsite  reserve  pits.    These  contaminants  were  chloride 
ions  in  concentrations  above  EPA's  secondary  maximum  contaminant  level 
and  total  mobile  ions  (TMI)  in  concentrations  exceeding  the  level  of 
total  dissolved  salts  predicted  to  be  injurious  to  sensitive  and 
moderately  sensitive  crops.    Chloride  is  highly  mobile  in  ground  water 
and  the  other  ions  were  assumed  to  be  equally  mobile. 

On  a  national  basis,  the  risks  of  significant  ground-water  damage 
were  very  low  for  the  model  scenarios  included  in  the  analysis.  Under 
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the  best -estimate  modeling  assumptions,  only  2  percent  of  nationally 
weighted  reserve  pit  scenarios  were  estimated  to  cause  measurable 
ground-water  damage  at  60  meters  resulting  from  TMI .    Under  the 
conservative  modeling  assumptions,  less  than  10  percent  of  reserve  pits 
were  associated  with  ground-water  plumes  contaminated  by  chloride  and  TMI 
at  60  meters  and  fewer  than  2  percent  at  200  meters.    On  a  regional 
basis,  the  upper  90th  percentile  of  the  distributions  for  resource 
damage,  under  conservative  modeling  assumptions,  were  above  zero  for 
zones  2,  5,  and  8.    This  zone  pattern  is  similar  to  the  zone  pattern  of 
noncancer  human  health  risks  from  sodium.    Flow  field  A  was  more  heavily 
weighted  for  these  three  zones  than  for  the  remaining  zones,  and  this 
flow  field  also  was  responsible  for  the  highest  downgradient 
concentrations  of  sodium  of  all  the  flow  fields  modeled. 

The  mobilities  of  chloride  and  total  mobile  salts  in  ground  water 
were  the  same  as  the  mobility  of  sodium,  which  was  responsible  for  the 
noncancer  human  health  risks.    Thus,  the  effects  of  several  pit  design 
and  environmental  parameters  on  the  volume  of  ground' water  contaminated 
above  criteria  concentrations  followed  trends  very  similar  to  those 
followed  by  the  noncancer  human  health  risks.    These  parameters  included 
reserve  pit  size,  net  recharge,  subsurface  permeability,  and  depth  to 
ground  water.    In  contrast  to  the  trend  in  noncancer  human  health  risks, 
however,  the  magnitude  of  resource  damage  sometimes  increased  with 
increasing  distance  from  the  reserve  pit.    This  is  because  contaminant 
concentrations  (and  thus  health  risks)  decrease  with  distance  traveled; 
however,  the  width "of  a  contaminant  plume  (and  thus  the  volume  of 
contaminated  water)  increases  up  to  a  point  with  distance  traveled. 
Eventually,  however,  the  center  line  concentration  of  the  plume  falls 
below  threshold,  and  the  estimated  volume  of  contaminated  water  at  that 
distance  falls  to  zero.    Finally,  as  was  the  case  with  noncancer  human 
health  risks,  only  the  slower  aquifers  were  associated  with  significant 
estimates  of  resource  damage. 
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Potential  Ground-Water  Damage- -Produced  Water 

As  they  were  for  drilling  wastes,  chloride  and  total  mobile  ions  were 
modeled  to  estimate  ground-water  resource  damage  associated  with 
underground  injection  of  produced  water.    Under  best-estimate  conditions, 
the  risk  of  ground  water  becoming  contaminated  above  the  thresholds  if 
injection  well  casing  failures  were  to  occur  was  negligible.  Furthermore, 
in  all  but  a  few  scenarios  (approximately  1  percent  of  the  nationally 
weighted  scenarios),  the  resource  damage  estimates  did  not  exceed  zero 
under  conservative  assumptions.    Estimated  resource  damage  was  almost 
entirely  confined  to  the  60-meter  modeling  distance. 

Grout  seal  failures  were  estimated  to  pose  a  slightly  smaller  risk  of 
contaminating  ground  water  above  the  chloride  or  TMI  thresholds  than 
injection  well  casing  failures.    In  roughly  99  percent  of  the  nationally 
weighted  scenarios,  grout  seal  failures  never  resulted  in  threshold 
exceedances,  regardless  of  the  set  of  conditions  assumed  (best-estimate 
vs.  conservative)  or  the  downgradient  distance  analyzed.    Again,  estimated 
resource  damage  was  almost  entirely  confined  to  the  60-meter  modeling 
distance. 

In  general,  injection  well  failures  were  estimated  to  contaminate 
larger  volumes  of  ground  water  above  the  damage  criteria  under  conditions 
involving  higher  injection  rates/pressures  and  lower  ground-water 
velocities/flows  (i.e.,  flow  fields  A,  B,  C,  and  K).    The  estimated  TMI 
concentration  exceeded  its  threshold  for  the  low  injection  rate  very 
rarely,  and  only  out  to  a  distance  of  60  meters.    Chloride  and  TMI 
threshold  exceedances  were  limited  almost  exclusively  to  conditions 
involving  the  high  injection  rate  or  pressure.    The  slower  velocity/lower 
flow  ground-water  settings  permit  less  dilution  (i.e.,  a  higher 
probability  of  threshold  exceedance)  of  constituents  modeled  for  resource 
damage  effects.    In  a  trend  similar  to  that  observed  for  health  risks, 
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waterflood  wells  were  estimated  to  contaminate  larger  volumes  of  ground 
water  than  disposal  wells  under  conditions  involving  casing  failures,  but 
disposal  wells  were  estimated  to  contaminate  larger  volumes  under 
conditions  involving  grout  seal  failures.    Finally,  the  resource  damage 
estimates  for  injection  well  failures  {and  also  for  reserve  pit  leachate) 
indicate  that  TMI  is  a  greater  contributor  to  ground-water  contamination 
than  chloride.    The  reason  for  this  difference  is  that  the  mobile  salts 
concentration  in  the  model  produced  water  waste  stream  is  more  than  three 
times  the  chloride  concentration  (see  Table  V-l),  while  the  resource 
damage  thresholds  differ  by  a  factor  of  two  (see  Table  V-2). 

Potential  Surface  Water  Damage 

EPA  examined  the  potential  for  surface  water  damage  resulting  from 
the  influx  of  ground  water  contaminated  by  reserve  pit  seepage  and 
injection  well  failures,  as  well  as  surface  water  damage  resulting  from 
direct  discharge  of  stripper  well  produced  water.    For  all  model 
scenarios,  EPA  estimated  the  average  annual  surface  water  concentrations 
of  waste  constituents  to  be  below  their  respective  thresholds  at  the 
point  where  they  enter  the  surface  water;  that  is,  the  threshold 
concentrations  for  various  waste  constituents  were  not  exceeded  even  at 
the  point  of  maximum  concentration  in  surface  waters.    This  is  because 
the  input  chemical  mass  is  diluted  substantially  upon  entering  the 
surface  water.    Surface  water  usually  flows  at  a  much  higher  rate  than 
ground  water  and  also  allows  for  more  complete  mixing  than  ground  water. 
Both  of  these  factor  suggest  that  there  will  be  greater  dilution  in 
surface  water  than  in  ground  water.    One  would  expect,  therefore,  that 
the  low  concentrations  in  ground  water  estimated  for  reserve  pit  seepage 
and  injection  well  failures  would  be  diluted  even  further  upon  seeping 
into  surface  water. 
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These  limited  modeling  results  do  not  imply  that  resource  damage 
could  not  occur  from  larger  releases,  either  through  these  or  other 
migration  pathways  or  from  releases  to  lower  flow  surface  waters  (i.e., 
streams,  with  flows  below  40  ft3/$).    In  addition,  surface  water  damages 
could  occur  during  short  periods  (less  than  a  year)  of  low  stream  flow  or 
peak  waste  discharge,  which  were  not  modeled  in  this  study. 

EPA  analyzed  what  a  river  or  stream  flow  rate  would  have  to  be  (given 
the  model  produced  water  concentrations  and  discharge  rates  from  stripper 
wells)  in  order  for  contaminant  concentrations  in  the  mixing  zone 
(assuming  instantaneous  and  complete  mixing  but  not  other  removal 
processes)  to  exceed  resource  damage  criteria.    The  results  of  this 
analysis  are  summarized  in  Table  V-ll.    As  shown,  the  maximum 
concentrations  of  chloride,  boron,  sodium,  and  TMI  in  streams  or  rivers 
caused  by  the  discharge  of  produced  water  from  stripper  wells  would 
(under  most  modeling  conditions)  not  exceed  resource  damage  criteria 
unless  the  receiving  stream  or  river  was  flowing  at  a  rate  below 
1  ft3/s-    The  exceptions  are  scenarios  with  a  conservative  waste  stream 
concentration  and  high  discharge  rate.    If  produced  water  was  discharged 
to  streams  or  rivers  under  these  conditions,  the  maximum  concentrations 
of  sodium  and  TMI  could  exceed  resource  damage  criteria  in  surface  waters 
flowing  up  to  5  ft3/s.    (The  maximum  concentrations  in  any  surface 
water  flowing  at  a  greater  rate  would  not  exceed  the  criteria.) 

The  results  suggest  that,  if  produced  waters  from  stripper  wells  are 
discharged  to  streams  and  rivers  under  conditions  that  are  similar  to 
those  modeled,  resource  damage  criteria  would  be  exceeded  only  in  very 
small  streams. 

ASSESSMENT  OF  WASTE  DISPOSAL  ON  ALASKA'S  NORTH  SLOPE 

In  accordance  with  the  scope  of  the  study  required  by  RCRA  Section 
8002(m),  this  assessment  addresses  only  the  potential  impacts  associated 
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Table  V-ll  Surface  Water  Flow  Rates  At  Which  Concentrations  of  Waste  Stream 
Constituents  in  the  Mixing  Zone  Will  Exceed 
Aquatic  Effects  and  Resource  Damage  Thresholds 


Concentration  Waste  stream  discharre  rate  

Constant  in  waste  High  (100  BFD)    Medium  [10  BPD)         Lo*  (1  BPD) 


5  oci  urr, 


Median 
90th  % 


3  b 

<  0.7  ft  /s 


c  5     ft  /s 


c  0.07  ft  /s 

3 

<  0.5    ft  /s 


<  0.007  ft  /s 

<  0,05  ft3/s 


Ch  Ion 


Hod  i jn 
90th  % 


<  0.2  ft  /s 

<  0.9  ft3/s 


0,02  ft  /s 
<  0.09  ft3/s 


*  0.002  ft  /s 

*  0.009  ft3/s 


Median 
90th  % 


<  0.05  ft  /s 
*  0,8  ft3/s 


<  0,006  ft  /s 

3 

<  0.08    ft  /s 


<_  0.0006  ft  /s 
<  0,008  ft3/s 


Total  Mobile  Ions 


Median 
90th  % 


<  0.4    ft  /S 

<  2  ft3/s 


<  0.04    ft  /s 

<  0,2  ft3/s 


<  0.004  ft  /s 

<  0.02  ft3/s 


*The  effect  thresholds  and  effects  considered  in  this  analysis  were  as  follows:  Sodium-83 
mg/L,  which  might  result  in  toxic  effects  or  osmoregulatory  problems  for  freshwater  aquatic 
organisms  [note:    while  this  threshold  is  based  on  toxicity  data  reported  in  the  literature, 
it  is  dependent  on  several  assumptions  and  is  speculative);  chloride--250  mg/L,  which  is 
EPA's  secondary  drinking  water  standard  designed  to  prevent  excess  corrosion  of  pipes  in  hot 
water  systems  and  to  prevent  objectionable  tastes;  boron--!  mg/L,  which  is  a  concentration  in 
irrigation  water  that  could  damage  sensitive  crops  (e,g,,  citrus  trees;  plum,  pear,  and  apple 
trees;  grapes;  and  avocados);  and  total  mobile  Ions--335  mg/L,  which  may  be  a  tolerable  level 
for  freshwater  species  but  would  probably  put  them  at  a  disadvantage  in  competing  with 
brackish  or  marine  organisms. 

^Should  be  interpreted  to  mean  that  the  concentration  of  sodium  in  the  mixing  zone  would 
exceed  the  modeled  effect  threshold  (described  in  footnote  a)  if  the  receiving  stream  or 
river  was  flowing  at  a  rate  of  0.7  ffVs  or  lower.    If  the  stream  or  river  was  flowing  at  a 
higher  rate,  then  the  maximum  concentration  of  sodium  would  not  exceed  the  effect  level. 
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with  the  management  of  exempt  oil  and  gas  wastes  on  Alaska's  North 
Slope.    It  does  not  analyze  risks  or  impacts  from  other  activities,  such 
as  site  development  or  road  construction.    The  North  Slope  is  addressed 
in  a  separate,  qualitative  assessment  because  readily  available  release 
and  transport  models  for  possible  use  in  a  quantitative  assessment  are 
not  appropriate  for  many  of  the  characteristics  of  the  North  Slope,  such 
as  the  freeze-thaw  cycle,  the  presence  of  permafrost,  and  the  typical 
reserve  pit  designs. 

Of  the  various  wastes  and  waste  management  practices  on  the  North 
Slope,  it  appears  that  the  management  of  drilling  waste  in  above-ground 
reserve  pits  has  the  greatest  potential  for  adverse  environmental 
effects.    The  potential  for  drilling  wastes  to  cause  adverse  human  health 
effects  is  small  because  the  potential  for  human  exposure  is  small. 
Virtually  all  produced  water  on  the  North  Slope  is  reinjected 
approximately  6,000  to  9,000  feet  below  the  land  surface  in  accordance 
with  discharge  permits  issued  by  the  State  of  Alaska.    The  receiving 
formation  is  not  an  underground  source  of  drinking  water  and  is 
effectively  sealed  from  the  surface  by  permafrost.    Consequently,  the 
potential  for  environmental  or  human  health  impacts  associated  with 
produced  fluids  is  very  small  under  routine  operating  conditions. 

During  the  summer  thaw,  reserve  pit  fluids  are  disposed  of  in 
underground  injection  wells,  released  directly  onto  the  tundra  or  applied 
to  roads  if  they  meet  quality  restrictions  specified  in  Alaska  discharge 
permits,  or  stored  in  reserve  pits.    Underground  injection  of  reserve  pit 
fluids  should  have  minor  adverse  effects  for  the  same  reasons  as  were 
noted  above  for  produced  waters.    If  reserve  pit  fluids  are  managed 
through  the  other  approaches,  however,  there  is  much  greater  potential 
for  adverse  environmental  effects. 
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Discharges  of  reserve  pit  fluids  onto  the  tundra  and  roads  are 
regulated  by  permits  issued  by  the  Alaska  Department  of  Environmental 
Conservation  (ADEC).    In  the  past,  reserve  pit  discharges  have 
occasionally  exceeded  permit  limitations  for  certain  constituents.  New 
permits,  therefore,  specify  several  pre-discharge  requirements  that  must 
be  met  to  help  ensure  that  the  discharge  is  carried  out  in  an  acceptable 
manner. 

Only  one  U.S.  Government  study  of  the  potential  effects  of  reserve 
pit  discharges  on  the  North  Slope  is  known  to  be  complete.    West  and 
Snyder-Conn  (1987),  with  the  U.S.  Fish  and  Wildlife  Service,  examined  how 
reserve  pit  discharges  in  1983  affected  water  quality  and  invertebrate 
communities  in  receiving  tundra  ponds  and  in  hydrologi cal ly  connected 
distant  ponds.    Although  the  nature  of  the  data  and  the  statistical 
analysis  precluded  a  definitive  determination  of  cause  and  effect, 
several  constituents  and  characteristics  (chromium,  barium,  arsenic, 
nickel,  hardness,  alkalinity,  and  turbidity)  were  found  in  elevated 
concentrations  in  receiving  ponds  when  compared  to  control  ponds.  Also, 
alkalinity,  chromium,  and  aliphatic  hydrocarbons  were  elevated  in 
hydrologi cal ly  connected  distant  ponds  when  compared  to  controls. 
Accompanying  these  water  quality  variations  was  a  decrease  in 
invertebrate  taxonomic  richness,  diversity,  and  abundance  from  control 
ponds  to  receiving  ponds. 

West  and  Snyder-Conn,  however,  cautioned  that  these  results  cannot  be 
wholly  extrapolated  to  present-day  oil  field  practices  on  the  North  Slope 
because  some  industry  practices  have  changed  since  1983.    Tor  example, 
they  state  that  "chrome  1 ignosul fonate  drill  muds  have  been  partly 
replaced  by  non-chrome  1 ignosul fonates,  and  diesel  oil  has  been  largely 
replaced  with  less  toxic  mineral  oil  in  drilling  operations."  Also, 
State  regulations  concerning  reserve  pit  discharges  have  become 
increasingly  stringent  since  the  time  the  study  was  conducted.    West  and 
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Snyder-Conn  additionally  concluded  that  reserve  pit  discharges  should  be 
subject  to  standards  for  turbidity,  alkalinity,  chromium,  arsenic,  and 
barium  to  reduce  the  likelihood  of  biological  impacts.    ADEC's  1987 
tundra  discharge  permit  specifies  effluent  limitations  for  chromium, 
arsenic,  barium,  and  several  other  inorganics,  as  well  as  an  effluent 
limitation  for  settleable  solids  (which  is  related  to  turbidity).  The 
1987  permit  requires  monitoring  for  alkalinity,  but  does  not  specify  an 
effluent  limit  for  this  parameter. 

Reserve  pits  on  the  North  Slope  are  frequently  constructed  above 
grade  out  of  native  soils  and  gravel.    Below-grade  structures  are  also 
built,  generally  at  exploratory  sites,  and  occasionally  at  newer 
production  sites.    Although  the  mud  solids  that  settle  at  the  bottom  of 
the  pits  act  as  a  barrier  to  fluid  flow,  fluids  from  above-ground  reserve 
pits  (when  thawed)  can  seep  through  the  pit  walls  and  onto  the  tundra. 
No  information  was  obtained  on  what  percentage  of  the  approximately  300 
reserve  pits  on  the  North  Slope  are  actually  leaking;  however,  it  has 
been  documented  that  "some"  pits  do  in  fact  seep  (ARCO  1985,  Standard  Oil 
1987).    While  such  seepage  is  expected  to  be  sufficiently  concentrated  to 
adversely  affect  soil,  water,  vegetation,  and  dependent  fauna  in  areas 
surrounding  the  reserve  pits,  it  is  not  known  how  large  an  area  around 
the  pits  may  be  affected.    Preliminary  studies  provided  by  industry 
sources  indicate  that  seepage  from  North  Slope  reserve  pits,  designed  and 
managed  in  accordance  with  existing  State  regulations,  should  not  cause 
damage  to  vegetation  more  than  50  feet  away  from  the  pit  walls  (ARCO 
1986,  Standard  Oil  1987).    It  is  important  to  note  that  AOEC  adopted 
regulations  that  should  help  to  reduce  the  occurrence  of  reserve  pit 
seepage  and  any  impacts  of  drilling  waste  disposal.    These  regulations 
became  effective  in  September  1987. 

While  some  of  the  potentially  toxic  constituents  in  reserve  pit 
liquids  are  known  to  bioaccumul ate  (i.e.,  be  taken  up  by  organisms  low  in 
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the  food  chain  with  subsequent  accumulation  in  organisms  higher  in  the 
food  chain),  there  is  no  evidence  to  conclude  that  bioaccumul ation  from 
reserve  pit  discharge  or  seepage  is  occurring.    In  general, 
bioaccumul at  ion  is  expected  to  be  small  because  each  spring  thaw  brings  a 
large  onrush  of  water  that  may  help  flush  residual  contamination,  and 
higher  level  consumers  are  generally  migratory  and  should  not  be  exposed 
for  extended  periods.    It  is  recognized,  however,  that  tundra  invertebrates 
constitute  the  major  food  source  for  many  bird  species  on  the  Arctic 
coastal  plain,  particularly  during  the  breeding  and  rearing  seasons, 
which  coincide  with  the  period  that  tundra  and  road  discharges  occur. 
The  Fish  and  Wildlife  Service  is  in  the  process  of  investigating  the 
effects  of  reserve  pit  fluids  on  invertebrates  and  birds,  and  these  and 
other  studies  need  to  be  completed  before  conclusions  can  be  reached  with 
respect  to  the  occurrence  of  bioaccumulation  on  the  North  Slope. 

With  regard  to  the  pit  solids,  the  walls  of  operating  pits  have 
slumped  on  rare  occasions,  allowing  mud  and  cuttings  to  spill  onto  the 
surrounding  tundra.    As  long  as  these  releases  are  promptly  cleaned  up, 
the  adverse  effects  to  vegetation,  soil,  and  wildlife  should  be  temporary 
(Pollen  1986,  McKendrick  1986). 

ADEC's  new  reserve  pit  closure  regulations  for  the  North  Slope 
contain  strengthened  requirements  for  reserve  pit  solids  to  be  dewatered, 
covered  with  earth  materials,  graded,  and  vegetated.    The  new  regulations 
also  require  owners  of  reserve  pits  to  continue  monitoring  and  to 
maintain  the  cover  for  a  minimum  of  5  years  after  closure.    If  the 
reserve  pit  is  constructed  below  grade  such  that  the  solids  at  closure 
are  at  least  2  feet  below  the  bottom  of  the  soil  layer  that  thaws  each 
spring,  the  solids  will  be  kept  permanently  frozen  (a  phenomenon  referred 
to  as  freezeback).    The  solids  in  closed  above-grade  pits  will  also 
undergo  freezeback  if  they  are  covered  with  a  sufficient  layer  of  earth 
material  to  provide  insulation.    In  cases  where  the  solids  are  kept 
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permanently  frozen,  no  leaching  or  erosicn  of  the  solid  waste 
constituents  should  occur:    However,  AOEC's  regulations  do  not  require 
reserve  pits  to  be  closed  in  a  manner  that  ensures  freezeback. 
Therefore,  some  operators  may  choose  to  close  their  pits  in  a  way  that 
permits  the  solids  to  thaw  during  the  spring.    Even  when  the. solids  are 
not  frozen,  migration  of  the  waste  constituents  will  be  inhibited  by  the 
reserve  pit  cover  and  the  low  rate  of  water  infiltration  through  the 
solids.    Nevertheless,  in  the  long  term,  the  cover  could  slump  and  allow 
increased  snow  accumulation  in  depressed  areas.    Melting  of  this  snow 
could  result  in  infiltration  into  the  pit  and  subsequent  leaching  of  the 
thawed  solid  waste  contaminants.    Also,  for  closed  above-grade  pits, 
long-term  erosion  of  the  cover  could  conceivably  allow  waste  solids,  if 
thawed,  to  migrate  to  surrounding  areas.    Periodic  monitoring  would 
forestall  such  possibilities. 

LOCATIONS  OF  OIL  AND  GAS  ACTIVITIES  IN  RELATION  TO  ENVIRONMENTS  OF 
SPECIAL  INTEREST 

EPA  analyzed  the  proximity  of  oil  and  gas  activities  to  three 
categories  of  environments  of  special  interest  to  the  public:  endangered 
and  threatened  species  habitats,  wetlands,  and  public  lands.    The  results 
of  this  analysis  are  intended  only  to  provide  a  rough  approximation  of 
the  degree  of  and  potential  for  overlap  between  oil  and  gas  activities  and 
these  areas.    The  results  should  not  be  interpreted  to  mean  that  areas 
where  oil  and  gas  activities  are  located  are  necessarily  adversely 
affected . 

All  of  the  26  States  having  the  highest  levels  of  oil  and  gas 
activity  are  within  the  historical  ranges  of  numerous  endangered  and 
threatened  species  habitats.    However,  of  190  counties  across  the  U.S. 
identified  as  having  high  levels  of  exploration  and  production,  only  13 
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(or  7  percent)  have  Federally  designated  critical  habitats    within  their 
boundaries.    These  13  counties  encompass  the  critical  habitats  for  a 
total  of  10  different  species,  or  about  10  percent  of  the  species  for 
which  critical  habitats  have  been  designated  on  the  Federal  level. 

Wetlands  create  habitats  for  many  forms  of  wildlife,  purify  natural 
waters  by  removing  sediments  and  other  contaminants,  provide  flood  and 
storm  damage  protection,  and  afford  a  number  of  other  benefits.  In 
general,  Alaska  and  Louisiana  are  the  States  with  the  most  wetlands  and 
oil  and  gas  activity.    Approximately  50  to  75  percent  of  the  North  Slope 
area  consists  of  wetlands  (Bergman  et  al .  1977).    Wetlands  are  also 
abundant  throughout  Florida,  but  oil  and  gas  activity  is  considerably 
less  in  that  State  and  is  concentrated  primarily  in  the  panhandle  area. 
In  addition,  oil  and  gas  activities  in  Illinois  appear  to  be  concentrated 
in  areas  with  abundant  wetlands.    Other  States  with  abundant  wetlands 
(North  Carolina,  South  Carolina,  Georgia,  New  Jersey,  Maine,  and 
Minnesota)  have  very  little  onshore  oil  and  gas  activity. 

For  the  purpose  of  this  analysis,  public  lands  are  defined  as  the 
wide  variety  of  land  areas  owned  by  the  Federal  Government  and 
administered  by  the  Bureau  of  Land  Management  (BLM),  National  Forest 
Service,  or  National  Park  Service.    Any  development  on  these  lands  must 
first  pass  through  a  formal  environmental  planning  and  review  process. 
In  many  cases,  these  lands  are  not.  environmentally  sensitive.  National 
Forests,  for  example,  are  established  for  multiple  uses,  including  timber 
development,  mineral  extraction,  and  the  protection  of  environmental 
values.    Public  lands  are  included  in  this  analysis,  however,  because 
they  are  considered  "publicly  sensitive,"  in  the  sense  that  they  are 
commonly  valued  more  highly  by  society  than  comparable  areas  outside 


10     Critical  habitats,  which  are  much  smaller  and  more  rigorously  defined  than  historical 
ranges,  are  areas  cont.-iirina  physical  or  biological  factors  essential  to  the  conservation  of  tne 
species. 
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their  boundaries.    The  study  focuses  only  on  lands  within  the  National 
Forest  and  National  Park  Systems  because  of  recent  public  interest  in  oil 
and  gas  development  in  these  areas  (e.g.,  see  Sierra  Club  1986; 
Wilderness  Society  1987). 

The  National  Forest  System  comprises  282  National  Forests,  National 
Grasslands,  and  other  areas  and  includes  a  total  area  of  approximately 
191  million  acres.    Federal  oil  and  gas  leases,  for  either  exploration  or 
production,  have  been  granted  for  about  25  million  acres  (roughly 
27  percent)  of  the  system.    Actual  oil  and  gas  activity  is  occurring  on  a 
much  smaller  acreage  distributed  across  11  units  in  eight  States.  More 
than  90  percent  of  current  production  on  all  National  Forest  System  lands 
takes  place  in  two  units:    the  Little  Missouri  National  Grassland  in 
North  Dakota  and  the  Thunder  Basin  National  Grassland  in  Wyoming. 

The  National  Park  System  contains  almost  80  million  acres  made  up  by 
337  units  and  30  affiliated  areas.    These  units  include  national  parks, 
preserves,  monuments,  recreation  areas,  seashores,  and  other  areas.  All 
units  have  been  closed  to  future  leasing  of  Federal  minerals  except  for 
four  national  recreation  areas  where  mineral  leasing  has  been  authorized 
by  Congress  and  permitted  under  regulation.    If  deemed  acceptable  from  an 
environmental  standpoint,  however,  nonfederally  owned  minerals  within  a 
unit's  boundaries  can  be  leased.11    Ten  units  (approximately  3 
percent  of  the  total)  currently  have  active  oil  and  gas  operations  within 
their  boundaries.    Approximately  23  percent  of  the  land  area  made  up  by 
these  ten  units  is  currently  under  lease  (approximately  256,000  acres); 
however,  83  percent  of  the  area  within  the  ten  units  (almost  one  million 
acres)  is  leasable.    The  National  Park  Service  also  has  identified 
32  additional  units  that  do  not  have  active  oil  and  gas  operations  at 
present,  but  do  have  the  potential  for  such  activities  in  the  future. 


11     Nonfederally  o*ned  minerals  -ithrn  National  Park  System  units  exist  where  the  Federal 
Government  does  not  own  all  the  land  within  a  unit's  boundaries  or  does  not  possess  the  subsurface 
mineral  rights. 
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Several  of  these  units  also  have  acres  that  are  under  lease  for  oil  and 
gas  exploration,  development,  and  production.    In  total,  approximately 
334,700  acres  within  the  National  Park  System  (or  roughly  4  percent  of 
the  total)  are  currently  under  lease  for  oil  and  gas. 

CONCLUSIONS 

EPA's  major  conclusions,  along  with  a  summary  of  the  main  findings  on 
which  they  are  based,  are  listed  below.    EPA  recognizes  that  the 
conclusions  are  limited  by  the  lack  of  complete  data  and  the  necessary 
risk  modeling  assumptions.    In  particular,  the  limited  amount  of  waste 
sampling  data  and  the  lack  of  empirical  evidence  on  the  probability  of 
injection  well  failures  have  made  it  impossible  to  estimate  precisely  the 
absolute  nationwide  or  regional  risks  from  current  waste  management 
practices  for  oil  and  gas  wastes.    Nevertheless,  EPA  believes  that  the 
risk  analysis  presented  here  has  yielded  many  useful  conclusions  relating 
to  the  nature  of  potential  risks  and  the  circumstances  under  which  they 
are  likely  to  occur. 

General  Conclusions 

o    For  the  vast  majority  of  model  scenarios  evaluated  in  this 
study,  only  very  small  to  negligible  risks  would  be  expected  to 
occur  even  if  the  toxic  chemical (s)  of  concern  were  of  relatively 
high  concentration  in  the  wastes  and  there  was  a  release  into 
ground  water  as  was  assumed*  in  this  analysis.    Nonetheless,  the 
model  results  also  show  that  there  are  realistic  combinations  of 
measured  chemical  concentrations  (at  the  90th  percentile  level) 
and  release  scenarios  that  could  be  of  substantial  concern.  EPA 
cautions  that  there  are  other  release  modes  not  considered  in  this 
analysis  that  could  also  contribute  to  risks.    In  addition,  there 
are  almost  certainly  toxic  contaminants  in  the  large  unsampled 
population  of  reserve  pits  and  produced  fluids  that  could  exceed 
concentration  levels  measured  in  the  relatively  small  number  of 
waste  samples  analyzed  by  EPA. 
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•  EPA's  modeling  of  resource  damages  to  surface  water—both  in 
terms  of  ecological  impact  and  of  resource  degradation—generally 
did  not  show  significant  risk.    This  was  true  both  for  ground- 
water seepage  and  direct  surface  water  discharge  (from  stripper 
wells)  pathways  for  drilling  pit  and  produced  water  waste 
streams.    This  conclusion  holds  for  the  range  of  receiving  water 
flow-rates  modeled,  which  included  only  moderate  (40  ftJ/s)  to 
large  (850  ft3/s)  streams.    It  is  clear  that  potential  damages 

to  smaller  streams  would  be  quite  sensitive  to  relative  discharge 
or  ground-water  seepage  rates. 

•  Of  the  hundreds  of  chemical  constituents  detected  in  both 
reserve  pits  and  produced  water,  only  a  few  from  either  source 
appear  to  be  of  primary  concern  relative  to  health  or 
environmental  damages.    Based  on  an  analysis  of  toxicological 
data,  the  frequency  and  measured  concentrations  of  waste 
constituents  in  the  relatively  small  number  of  sampled  waste 
streams,  and  the  mobility  of  these  constituents  in  ground  water, 
EPA  found  a  limited  number  of  constituents  to  be  of  primary 
relevance  in  the  assessment  of  risks  via  ground  water.    Based  on 
current  data  and  analysis,  these  constituents  include  arsenic, 
benzene,  sodium,  chloride,  cadmium,  chromium,  boron,  and  mobile 
salts.    All  of  these  constituents  were  included  in  the 
quantitative  risk  modeling  in  this  study.    Cadmium,  chromium,  and 
boron  did  not  produce  risks  or  resource  damages  under  the 
conditions  modeled.    Note:    This  conclusion  is  qualified  by  the 
small  number  of  sampled  sites  for  which  waste  composition  could  be 
eval uated . 

.    Both  for  reserve  pit  waste  and  produced  water,  there  is  a  very 
wide  (six  or  more  orders  of  magnitude)  variation  in  estimated 
health  risks  across  scenarios,  depending  on  the  different 
combinations  of  key  variables  influencing  the  individual  scenarios. 
These  variables  include  concentrations  of  toxic  chemicals  in  the 
waste,  hydrogeologic  parameters,  waste  amounts  and  management 
practices,  and  distance  to  exposure  points. 

Drilling  Wastes  Disposed  of  in  Onsite  Reserve  Pits 

•    Most  of  the  1,134  onsite  reserve  pit  scenarios  had  very  small  or 
no  risks  to  human  health  via  ground-water  contamination  of 
drinking  water  for  the  conditions  modeled.    Under  the 
best-estimate  assumptions,  there  were  no  carcinogenic  waste 
constituents  modeled  (median  concentrations  for  carcinogens  in  the 
EPA  samples  were  zero  or  below  detection),  and  more  than 
99  percent  of  the  nationally  weighted  reserve  pit  scenarios 
resulted  in  exposure  to  noncarcinogens  (sodium,  cadmium,  chromium) 
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at  concentration  levels  below  health  effect  thresholds.  Under 
more  conservative  assumptions,  including  toxic  constituents  at 
90th  percentile  sample  concentrations,  no  scenarios  evaluated 
yielded  lifetime  cancer  risks  as  high  as  1  in  100,000  (1  x  10"3), 
and  only  2  percent  of  the  nationally  weighted  conservative 
scenarios  shewed  cancer  risks  greater  than  1  x  10"'.  Noncancer 
risks  were  estimated  by  threshold  exceedances  for  only  2  percent 
of  nationally  weighted  scenarios,  even  when  the  90th  percentile 
concentration  of  sodium  in  the  waste  stream  was  assumed.  The 
maximum  sodium  concentration  at  drinking  water  wells  was  estimated 
to  be  roughly  32  times  the  threshold  for  hypertension.    In  general, 
these  modeling  results  suggest  that  most  onsite  reserve  pits  will 
present  very  low  risks  to  human  health  through  ground -water 
exposure  pathways. 

.    It  appears  that  people  may  be  able  to  taste  chloride  in  the 
drinking  water  in  those  scenarios  with  the  highest  cancer  and 
noncancer  risks.    It  is  questionable,  however,  whether  people 
would  actually  discontinue  drinking  water  containing  these 
elevated  chloride  concentrations. 

•  Weighting  the  risk  results  to  account  for  different  distributions 
of  hydrogeologic  variables,  pit  size,  and  exposure  distance  across 
geographic  zones  resulted  in  limited  variability  in  risks  across 
-zones.    Risk  distributions  for  individual  zones  generally  did  not 

differ  from  the  national  distribution  by  more  than  one  order  of 
magnitude,  except  for  zones  10  {West  Coast)  and  1  IB  (Alaska, 
non-North  Slope),  which  usually  were  extremely  low.    Note:  EPA 
was  unable  to  develop  geographical  comparisons  of  toxic 
constituent  concentrations  in  drilling  pit  wastes. 

•  Several  factors  were  evaluated  for  their  individual  effects  on 
risk.    Of  these  factors,  ground-water  flow  field  type  and  exposure 
distance  had  the  greatest  influence  (several  orders  of  magnitude); 
recharge  rate,  subsurface  permeability,  and  pit  size  had  less,  but 
measurable,  influence  (approximately  one  order  of  magnitude). 
Typically,  the  higher  risk  cases  occur  in  the  context  of  the 
largest  unljned  pits,  the  short  (60-meter)  exposure  distance,  and 
high  subsurface  permeability  and  infiltration.    Depth  to  ground 
water  and  presence/absence  of  a  single  synthetic  liner  had 
virtually  no  measurable  influence  over  the  200-year  modeling 
period;  however,  risk  estimated  over  shorter  time  periods,  such  as 
50  years,  would  likely  be  lower  for  lined  pits  compared  to  unlined 
pits,  and  lower  for  deep  ground  water  compared  to  shallow  ground 
water. 


12     A  cancer  risk  estimate  of  1  x  10     indicates  that  the  chance  of  an  individual  contracting 
cancer  over  «  70-year  average  lifetime  i&  apprax imately  1  in  100.000.    The  Agency  establishes^the 
cutoff  between  acceptable  and  unacceptable  levels  of  cancer  risk  between  1  x  10     and  1  x  10 
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•  Estimated  ground-water  resource  damage  (caused  by  exceedance  of 
water  quality  thresholds  for  chloride  and  total  mobile  ions)  was 
very  limited  and  essentially  confined  to  the  closest  modeling 
distance  (60  meters).    These  resource  damage  estimates  apply  only 
to  the  pathway  modeled  (leaching  through  the  bottom  of  onsite 
pits)  and  not  to  other  mechanisms  of  potential  ground-water 
contamination  at  drilling  sites,  such  as  spills  or  intentional 
surface  releases. 

.    No  surface  water  resource  damage  (caused  by  exceedance  of 

thresholds  for  chloride,  sodium,  cadmium,  chromium  VI,  or  total 
mobile  ions)  was  predicted  for  the  seepage  of  leachate- 
contaminated  ground  water  into  flowing  surface  water.  This 
finding,  based  on  limited  modeling,  does  not  imply  that  resource 
damage  could  not  occur  from  larger  releases,  either  through  this 
or  other  pathways  of  migration,  or  from  releases  to  lower  flow 
surface  waters  (below  40  ft3/*)- 

Produced  Water  Disposal  in  Injection  Wells 

•  All  risk  results  for  underground  injection  presented  in  this 
chapter  assume  that  either  a  grout  seal  or  well  casing  failure 
occurs.    However,  as  anticipated  under  EPA's  Underground  Injection 
Control  (UIC)  regulatory  program,  these  failures  are  probably 
low-frequency  events,  and  the  actual  risks  resulting  from  grout 
seal  and  casing  failures  are  expected  to  be  much  lower  than  the 
conditional  risks  presented  here.    The  results  do  not,  however, 
reflect  other  possible  release  pathways  such  as  migration  through 
unplugged  boreholes  or  fractures  in  confining  layers,  which  also 
could  be  of  concern. 

.    Only  a  very  small  minority  of  injection  well  scenarios  resulted 
in  meaningful  risks  to  human  health,  due  to  either  grout  seal  or 
casing  failure  modes  of  release  of  produced  water  to  drinking 
water  sources.    In  terms  of  carcinogenic  risks,  none  of  the 
best-estimate  scenarios  (median  arsenic  and  benzene  sample 
concentrations)  yielded  lifetime  risks  greater  than  5  per 
1,000,000  (5  x  10"6)  to  the  maximally  exposed  individual.  When 
the  90th  percentile  benzene  and  arsenic  concentrations  were 
examined,  a  maximum  of  35  percent  of  EPA' s  nationally  weighted 
scenarios  had  risks  greater  than  1  x  10'',  with  up  to  5  percent 
having  cancer  risks  greater  than  1  x  10"4  (the  highest  risk  was 
9  x  10"4).    The  high  cancer  risk  scenarios  corresponded  to  a 
very  short  (60-meter)  exposure  distance  combined  with  relatively 
high  injection  pressure/rates  and  a  few  specific  ground-water  flow 
fields  (fields  C  and  D  in  Table  V-7). 
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•  Noncancer  health  effects  modeled  were  limited  to  hypertension  in 
sensitive  individuals  caused  by  ingestion  of  sodium  in  drinking 
water.    In  the  best-estimate  scenarios,  up  to  8  percent  of  EPA's 
nationally  weighted  scenarios  had  threshold  exceedances  for  sodium 
in  ground-water  supplies.    In  the  conservative  scenarios,  where 
90th  percentile  sodium  concentrations  were  assumed  in  the 
injection  waters,  threshold  exceedances  in  drinking  water  were 
predicted  for  a  maximum  of  22  percent  of  the  nationally  weighted 
scenarios.    The  highest  sodium  concentration  predicted  at  exposure 
wells  under  conservative  assumptions  exceeded  the  threshold  for 
hypertension  by  a  factor  of  70.    The  high  noncancer  risk  scenarios 
corresponded  to  a  very  short  (60-meter)  exposure  distance,  high 
injection  pressures/rates,  and  relatively  slow  ground-water 
velocities/low  flows. 

.    It  appears  that  people  would  not  taste  or  smell  chloride  or 
benzene  at  the  concentration  levels  estimated  for  the  highest 
cancer  risk  scenarios,  but  sensitive  individuals  would  be  more 
likely  to  detect  chloride  or  benzene  tastes  or  odors  in  those 
scenarios  with  the, highest  noncancer  risks.    It  is  questionable, 
however,  whether  the  detectable  tastes  or  smells  at  these  levels 
would  generally  be  sufficient  to  discourage  use  of  the  water 
supply. 

•  As  with  the  reserve  pit  risk  modeling  results,  adjusting 
(weighting)  the  injection  well  results  to  account  for  differences 
among  various  geographic  zones  resulted  in  relatively  small 
differences  in  risk  distributions.    Again,  this  lack  of 
substantial  variability  in  risk  across  zones  may  be  the  result  of 
limitations  of  the  study  approach  and  the  fact  that  geographic 
comparisons  of  toxic  constituents  in  produced  water  was  not 
possible. 

•  Of  several  factors  evaluated  for  their  effect  on  risk,  exposure 
distance  and  ground-water  flow  field  type  had  the  greatest 
influence  (two  to  three  orders  of  magnitude).    Flow  rate/pressure 
had  less,  but  measurable,  influence  (approximately  one  order  of 
magnitude).    Injection  well  type  (i.e.,  waterflood  vs.  disposal) 
had  moderate  but  contradictory  effects  on  the  risk  results.  For 
casing  failures,  high-pressure  waterflood  wells  were  estimated  to 
cause  health  risks  that  were  about  2  times  higher  than  the  risks 
from  lower  pressure  disposal  wells  under  otherwise  similar 
conditions.    However,  for  grout  seal  failures,  the  risks  associated 
with  disposal  wells  were  estimated  to  be  up  to  3  times  higher  than 
the  risks  in  similar  circumstances  associated  with  waterflood 
wells,  caused  by  the  higher  injection  rates  for  disposal. 
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.    Estimated  ground-water  resource  damage  (resulting  from 

exceedance  of  thresholds  for  chloride,  boron,  and  total  mobile 
ions)  was  extremely  limited  and  was  essentially  confined  to  the 
60-meter  modeling  distance.    This  conclusion  applies  only  to 
releases  from  Class  II  injection  wells,  and  not  to  other 
mechanisms  of  potential  ground-water  contamination  at  oil  and  gas 
production  sites  (e.g.,  seepage  through  abandoned  boreholes  or 
fractures  in  confining  layers,  leaching  from  brine  pits,  spills). 

.    No  surface  water  resource  damage  (resulting  from  exceedance  of 
thresholds  for  chloride,  sodium,  boron,  and  total  mobile  ions)  was 
predicted  for  seepage  into  flowing  surface  water  of  ground  water 
contaminated  by  direct  releases  from  injection  wells.  This 
findinq  does  not  imply  that  resource  damage  could  not  occur  via 
mechanisms  and  pathways  not  covered  by  this  limited  surface  water 
modeling,  or  in  extremely  low  flow  streams. 

Stripper  Well  Produced  Water  Discharged  Directly  into  Surface  Water 

.    Under  conservative  modeling  assumptions,  17  percent  of  scenarios 
(unweighted)  had  cancer  risks  greater  than  1  x  10* 3  (the  maximum 
cancer  risk  estimate  was  roughly  4  x  10°). 13   The  maximum 
cancer  risk  under  best-estimate  waste  stream  assumptions  was  4  x  iu 
No  exceedances  of  noncancer  effect  thresholds  or  surface  water 
resource  damage  thresholds  were  predicted  under  any  of  the 
conditions  modeled.    The  limited  surface  water  model ing  performed 
applies  only" to  scenarios  with  moderate-  to  high-flow  streams  (40 
to  850  ft3/sK    Preliminary  analyses  indicate,  however,  that 
resource  damage  criteria  would  generally  be  exceeded  in  only  very 
small  streams  (i.e.,  those  flowing  at  less  than  5  ftJ/s),  given 
the  sampled  waste  stream  chemical  concentrations  and  discharge 
rates  for  stripper  wells  of  up  to  100  barrels  per  day. 

Drilling  and  Production  Wastes  Managed  on  Alaska's  North  Slope 

.  Adverse  effects  to  human  health  are  expected  to  be  negligible  or 
nonexistent  because  the  potential  for  human  exposure  to  drilling 
waste  and  produced  fluid  contaminants  on  the  North  Slope  is  very 
small  The  greatest  potential  for  adverse  environmental  impacts 
is  caused  by  discharge  and  seepage  of  reserve  pit  fluids  containing 
toxic  substances  onto  the  tundra.    A  field  study  conducted  in  1983 


by  the  U.S.  Fish  and  Wildlife  Service  indicates  that  tundra 
discharges  of  reserve  pit  fluids  may  adversely  affect  water 
quality  and  invertebrates  in  surrounding  areas;  however,  the 


13  These  results  are  unweighted  because  the  frequency  of  occurrence  of  the  parameters  that 
define  the  si  ripper  well  scenarios  was  not  estimated. 


V-69 


results  of  this  study  cannot  be  wholly  extrapolated  to  present-day 
practices  on  the  North  Slope  because  some  industry  practices  have 
changed  and  State  regulations  concerning  reserve  pit  discharges 
have'become  increasingly  more  stringent  since  1983.  Preliminary 
studies  from  industry  sources  indicate  that  seepage  from  operating 
above-ground  reserve  pits  on  the  North  Slope  may  damage  vegetation 
within  a  radius  of  50  feet.    The  Fish  and  Wildlife  Service  is  in 
the  process  of  studying  the  effects  of  reserve  pit  fluids  on 
tundra  organisms,  and  these  studies  need  to  be  completed  before 
more  definitive  conclusions  can  be  made  with  respect  to 
environmental  impacts  on  the  North  Slope. 

Locations  of  Oil  and  Gas  Activities  in  Relation  to  Environments 
of  Special  Interest 

*    All  of  the  top  26  States  that  have  the  highest  levels  of  onshore 
oil  and  gas  activity  are  within  the  historical  ranges  of  numerous 
endangered  and  threatened  species  habitats;  however,  of  190 
counties  identified  as  having  high  levels  of  exploration  and 
production,  only  13  (or  7  percent)  have  federally  designated 
critical  habitats  for  endangered  species  within  their  boundaries. 
The  greatest  potential  for  overlap  between  onshore  oil  and  gas 
activities  and  wetlands  appears  to  be  in  Alaska  (particularly  the 
North  Slope),  Louisiana,  and  Illinois.    Other  States  with  abundant 
wetlands  have  very  little  onshore  oil  and  gas  activity.  Any 
development  on  public  lands  must  first  pass  through  a  formal 
environmental  review  process  and  some  public  lands,  such  as 
National  Forests,  are  managed  for  multiple  uses  including  oil  and 
gas  development.    Federal  oil  and  gas  leases  have  been  granted  for 
approximately  25  million  acres  (roughly  27  percent)  of  the 
National  Forest  System.    All  units  of  the  National  Park  System 
have  been  closed  to  future  leasing  of  federally  owned  minerals 
except  for  4  National  Recreation  Areas  where  mineral  leasing  has 
been  authorized  by  Congress.    If  deemed  acceptable  from  an 
environmental  standpoint,  however,  nonfederally  owned  minerals 
within  the  park  boundaries  can  be  leased.    In  total,  approximately 
4  percent  of  the  land  area  in  the  National  Park  System  is 
currently  under  lease  for  oil  and  gas  activity. 
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CHAPTER  VI 

COSTS  AND  ECONOMIC  IMPACTS  OF  ALTERNATIVE 
WASTE  MANAGEMENT  PRACTICES 

OVERVIEW  OF  THE  COST  AND  ECONOMIC  IMPACT  ANALYSIS 

This  chapter  provides  estimates  of  the  cost  and  selected  economic 
impacts  of  imp! ementing  alternative  waste  management  practices  by  the  oil 
and  gas  industry.    The  industry's  current  or  "baseline"  practices  are 
described  in  Chapter  III.    In  addition  to  current  practices,  a  number  of 
alternatives  are  available.    Some  of  these  offer  the  potential  for  higher 
levels  of  environmental  control.    Section  8002(m)  of  RCRA  requires  an 
assessment  of  the  cost  and  impact  of  these  alternatives  on  oil  and  gas 
exploration,  development,  and  production. 

This  chapter  begins  by  providing  cost  estimates. for  baseline  and 
alternative  waste  management  practices.    The  most  prevalent  current 
practices  are  reserve  pit  storage  and  disposal  for  drilling  wastes  and 
Class  II  deep  well  injection  for  produced  water.    In  addition,  several 
other  waste  management  practices  are  included  in  the  cost  evaluation. 
The  cost  estimates  for  the  baseline  and  alternative  waste  management 
practices  are  presented  as  the  cost  per  unit  of  waste  disposal  (e.g., 
cost  per  barrel  of  drilling  waste,  cost  per  barrel  of  produced  water). 
These  unit  cost  estimates  allow  for  a  comparison  among  disposal  methods 
and  are  used  as  input  information  for  the  economic  impact  analysis. 

After  establishing  the  cost  of  baseline  and  alternative  practices  on 
a  unit-of -waste  basis,  the  chapter  expands  its  focus  to  assess  the  impact 
of  higher  waste  management  costs  both  on  individual  oil  and  gas  projects 
and  on  the  industry  as  a  whole.    For  the  purpose  of  this  assessment, 
three  hypothetical  regulatory  scenarios  for  waste  management  are 
defined.    Each  scenario  specifies  a  distinct  set  of  alternative 
environmentally  protective  waste  management  practices  for 


oil  and  gas  projects  that  generate  potentially  hazardous  waste.  Projects 
that  do  not  generate  hazardous  waste  may  continue  to  use  baseline 
practices  under  this  approach. 

After  the  three  waste  management  scenarios  have  been  defined,  the 
remainder  of  the  chapter  provides  estimates  of  their  cost  and  economic 
impact.    First,  the  impact  of  each  scenario  on  the  capital  and  operating 
cost  and  on  the  rate  of  return  for  representative  new  oil  and  gas 
projects  is  estimated.    Using  these  cost  estimates  for  individual 
projects  as  a  basis,  the  chapter  then  presents  regional-  and  national - 
level  cost  estimates  for  the  waste  management  scenarios. 

The  chapter  then  describes  the  impact  of  the  waste  management 
scenarios  on  existing  projects  (i.e.,  projects  that  are  already  in 
production).    It  provides  estimates  of  the  number  of  wells  and  the  amount 
of  current  production  that  would  be  shut  down  as  a  result  of  imposing 
alternative  waste  management  practices  under  each  scenario.    Finally,  the 
chapter  provides  estimates  of  the  long-term  decline  in  domestic 
production  brought  about  by  the  costs  of  the  waste  management  scenarios 
and  estimates  of  the  impact  of  that  decline  on  the  U.S.  balance  of 
payments,  State  and  Federal  revenues,  and  other  selected  economic 
aggregates. 

The  analysis  presented  in  this  chapter  is  based  on  the  information 
available  to  EPA  in  November  1987.    Although  much  new  waste  generation 
and  waste  management  data  was  made  available  to  this  study,  both  by  EPA 
and  the  American  Petroleum  Institute,  certain  data  limitations  did 
restrict  the  level  of  analysis  and  results.    In  particular,  data  on  waste 
generation,  management  practices,  and  other  important  economic  parameters 
were  generally  available  only  in  terms  of  statewide  or  nationwide 
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averages.    Largely  because  of  this,  the  cost  study  was  conducted  using 
"average  regional  projects"  as  the  basic  production  unit  of  analysis. 
This  lack  of  desired  detail  could  obscure  special  attributes  of  both 
marginal  and  above  average  projects,  thus  biasing  certain  impact  effects, 
such  as  the  number  of  well  closures. 

The  scope  of  the  study  was  also  somewhat  limited  in  other  respects. 
For  example,  not  all  potential  costs  of  alternative  waste  management 
under  the  RCRA  amendments  could  be  evaluated,  most  notably  the  land  ban 
and  corrective  action  regulations  currently  under  development.  The 
Agency  recognizes  that  this  could  substantially  understate  potential 
costs  of  some  of  the  regulatory  scenarios  studied.    The  analysis  was  able 
to  distinguish  separately  between  underground  injection  of  produced  water 
for  disposal  purposes  and  injection  for  waterflooding  as  a  secondary  or 
enhanced  energy  recovery  method.    However,  it  was  not  possible  during  the 
course  of  preparing  this  report  to  evaluate  the  costs  or  impacts  of 
alternative  waste  management  regulations  on  tertiary  (chemical,  thermal, 
and  other  advanced  EOR)  recovery,  which  is  becoming  an  increasingly 
important  feature  of  future  U.S.  oil  and  gas  production. 

COST  OF  BASELINE  AND  ALTERNATIVE  WASTE  MANAGEMENT  PRACTICES 
Identification  of  Waste  Management  Practices 

The  predominant  waste  management  practices  currently  employed  by  the 
oil  and  gas  industry  are  described  in  Chapter  III  of  this  report.  For 
drilling  operations,  wastes  are  typically  stored  in  an  unlined  surface 
impoundment  during  drilling.    After  drilling,  the  wastes  are  dewatered, 
either  by  evaporation  or  vacuum  truck,  and  buried  onsite.    Where  vacuum 
trucks  are  used  for  dewatering,  the  fluids  are  removed  for  offsite 
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disposal,  typically  in  a  Class  II  injection  well.    For  production 
operations,  the  predominant  disposal  options  are  injection  into  a  Class 
II  onsite  well  or  transportation  to  an  offsite  Class  II  disposal 
facility.    Where  onsite  injection  is  used,  the  Class  II  well  may  be  used 
for  disposal  only  or  it  may  be  used  to  maintain  pressure  in  the  reservoir 
for  enhanced  oil  recovery. 

In  addition  to  the  above  disposal  options,  a  number  of  additional 
practices  are  considered  here.    Some  of  these  options  are  fairly  common 
(Table  Vl-1).    For  example,  37  percent  of  current  drill  sites  use  a  lined 
disposal  pit;  12  percent  of  production  sites  in  the  lower  48  States 
(Lower  48)  discharge  their  produced  water  to  the  surface.    Other  disposal 
options  considered  here  (e.g.,  incineration)  are  not  employed  to  any 
significant  extent  at  present. 

For  drilling  waste  disposal,  nine  alternative  practices  were  reviewed 
for  the  purpose  of  estimating  comparative  unit  costs  and  evaluating 
subsequent  cost-effectiveness  in  complying  with  alternative  regulatory 
options: 

1.  Onsite  unlined  surface  impoundment; 

2.  Onsite  single-synthetic-liner  surface  impoundment; 

3.  Offsite  single-synthetic-liner  surface  impoundment; 

4.  Offsite  synthetic  composite  liner  with  leachate  collection  (SCLC), 
Subtitle  C  design; 

5.  Landfarming  consistent  with  current  State  oil  and  gas  field 
regulations; 

6.  Landfarming  consistent  with  RCRA  Subtitle  C  requirements; 

7.  Waste  solidification; 

8.  Incineration;  and 

9.  Volume  reduction. 
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Table  VI -1    Suimury  of  Baseline  Disposal  Practices,  by  Zone,  1985 


Dr 1 1  bng  waste  dispose  1 
! nprrpnt  of  drill  s  i*  es 1 

Produced  water  disposition 
[percent  of  c~c±j~ea  waters! 

Zone 

Un lined  Lined 
faci 1  it  ies      fac  i  lu  ies 

Surface 
discharge 

Class 
EOR 

11  Infection 
Disposal 

Appalachian 

23  77 

SC 

25 

25 

Gulf 

89  11 

34 

11 

55 

Midwest 

47  53 

0 

91 

9 

Plains 

49  51 

0 

38 

Texas/ 
OK  lahcma 

60 

4 

59 

27 

Northern 
Mounta  in 

65  35 

12 

45 

42 

Sout  hern 
Mountain 

50  50 

0 

64 

16 

West  Coast 

9S  1 

23 

54 

23 

Alaska 

67  33 

0 

71 

29 

Total  U.S. 

63  37 

11 

59 

28 

Lower  4d 

States 

63  37 

12 

60 

28 

Sources:    Drilling  waste  and  produced  water  disposal  information  from  API,  1987a  except 
for  produced  water  disposal  percents  for  the  Appalachian  zone,  which  are  based  on 
personal  communications  with  regional  industry  sources, 


NOTE:    Produced  water  disposition  percents  for  total  IKS,  and  Lower  48  are  based  on 
survey  sample  weights.    Weighting  by  oil  production  results  in  a  figure  of  9  percent 
discharge  in  the  Lower  48  (API  1987b), 
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In  addition  to  these  disposal  options,  costs  were  also  estimated  for 
ground-water  monitoring  and  general  site  management  for  waste  disposal 
sites.    These  latter  practices  can  be  necessary  adjunct  requirements  for 
various  final  disposal  options  to  enhance  environmental  protection. 

For  produced  water,  two  alternative  practices  were  considered  in  the 
cost  analysis:    Class  I  injection  wells  and  Class  II  injection  wells. 
Both  classes  may  be  used  for  water  disposal  or  for  enhanced  energy 
recovery  waterflooding.    They  may  be  located  either  onsite  or,  in  the 
case  of  disposal  wells,  offsite.    To  depict  the  variation  in  use  patterns 
of  these  wells,  cost  estimates  were  developed  for  a  wide  range  of 
injection  capacities. 

Cost  of  Waste  Management  Practices 

For  each  waste  disposal  option,  engineering  design  parameters  of 
representative  waste  management  facilities  were  established  for  the 
purpose  of  costing  (Table  VI-2).    For  the  baseline  disposal  methods, 
parameters  were  selected  to  typify  current  practices.    For  waste 
management  practices  that  achieve  a  higher  level  of  environmental  control 
than  the  most  common  baseline  practices,  parameters  were  selected  to 
typify  the  best  (i.e.,  most  environmentally  protective)  current  design 
practices.    For  waste  management  practices  that  would  be  acceptable  for 
hazardous  waste  under  Subtitle  C  of  RCRA,  parameters  were  selected  to 
represent  compliance  with  these  regulations  as  they  existed  in  early  1987. 

Capital  and  operating  and  maintenance  (O&M)  costs  were  estimated  for 
each  waste  management  practice  based  on  previous  EPA  engineering  cost 
documents  and  tailored  computer  model  runs,  original  contractor 
engineering  cost  estimates,  vendor  quotations,  and  other  sources.1 
Capital  costs  were  annualized  using  an  8  percent  discount  rate,  the 


1  See  footnotes  to  Tables  VI -3  and  VI -4  and  Eastern  Researcn  Group  1987  for  a  detailed 
source  list. 
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approximate  after-tax  real  cost  of  capital  for  this  industry.  Annualized 
capital  costs  were  then  added  to  0S.M  costs  to  compute  the  total  annual 
costs  for  typical  waste  management  unit  operations.    Annual  costs  were 
divided  by  annual  waste-handling  capacity  {in  barrels)  to  provide  a  cost 
per  barrel  of  waste  disposal.    Both  produced  water  disposal  costs  and 
drilling  waste  (i.e.,  muds  and  cuttings)  disposal  costs  are  expressed  on 
a  dollars-per-barrel  basis. 

The  average  engineering  unit  cost  estimates  for  drilling  wastes  are 
presented  in  Table  VI -3  for  each  region  and  for  a  composite  of  the 
Lower  48.    Regional  cost  variations  were  estimated  based  on  varying  land, 
construction,  and  labor  costs  among  regions.    The  costs  for  the  Lower  48 
composite  are  estimated  by  weighting  regional  cost  estimates  by  the 
proportion  of  production  occurring  in  each  region.    (Throughout  the 
discussion  that  follows,  the  Lower  48  composite  will  be  referenced  to 
illustrate  the  costs'  and  impacts  in  question.) 

For  the  Lower  48  composite,  the  drilling  waste  disposal  cost 
estimates  presented  in  Table  Vi-3  range  from  S2.04  per  barrel  for  onsite, 
unlined  pit  disposal  to  $157.50  per  barrel  for  incineration.    Costs  for 
the  disposal  options  are  significantly  higher  for  Alaska  because  of  the 
extreme  weather  conditions,  long  transportation  distances  from  population 
and  material  centers  to  drill  sites,  high  labor  costs,  and  other  unique 
features  of  this  region. 

Costs  for  produced  water  are  presented  in  Table  VI-4.    Disposal  costs 
include  injection  costs,  as  well  as  transport,  loading,  and  unloading 
charges,  where  appropriate.    Injection  for  EOR  purposes  occurs  onsite  in 
either  Class  II  or  Class  I  wells.    Class  II  disposal  occurs  onsite  in  all 
zones  except  Appal achia.    Class  I  disposal  occurs  offsite  except  for  the 
Northern  Mountain  and  Alaska  zones.    Well  capacities  and  transport 
distances  vary  regionally  depending  on  the  volume  of  water  production  and 
the  area  under  production. 


VI-11 


J 

a 


o 


Oj  fti 

c 

3  3 

o  g 

<j0  e 


o  o 


T3 


oj 

X> 


t£>  f^J 

o  *r 


*m  ~- 


o 


CO  CXj 

en.  ro 


o  LID 


CD 

CD 

CD 

i^n 

un 

co 

rO 

0 

O 

0 

CO 

r^. 

10  CO 

<T> 

CC 

un 

C\* 

O 

cr- 

LD 

Cr,  CO 

cr,  cn 

O 
CD 

CD 
LT1 

LTJ 

ro 

cn 

0 

in  ix> 
~*  ro 

CO 

L/*> 
*~* 

LO 

<M 

13  M*> 
—  *J 

O 
O 

CD 

LO 

O 

O 

CD 

cn 

—  ro 

eo 

r> 

yl 

O  rO 

O 

O 

in 

m 
CO 

cn 

— >  *T 

CO 

tn 

o> 

IT? 

cr>  ~* 

CD 
O 

O 

tn 

0 

^ 

cn 

in  cn 
—  co 

CO 

cn 

lo 

10 

O 
O 

0 

CM 

0 

Ul 

un 

CXI 

fNJ  CD 

CO 

u-^ 

CM 

*T 

LC  CO 

0 
0 

0 
UD 

CO 

cn 

C\J 

OJ     — » 

—  CO 

CO 

uO 

rO 

f- 

LD 
CM 

0 
0 

O 
u"> 

Cm 

m  0 
ro 

CO 

LT! 

cn 

CL 

D 


OJ 


=3 

OJ 

L> 

Q 

0 

O 

C 

rt3 

CL 

cn 

E 

in 

c= 

ID 

1 

OJ 

E 

qj 

l. 

OJ 

0 

cr. 

LJ 

r3 

U 

c 

-_l 

u 

c 

LJ 

D 

D 

L_ 

CO 

=3 

Q 

c 

D 


<+- 

4- 

O 

QJ_ 

■O 

TO 

to 

1= 

V) 

v> 

0 

0 

Ql 

c 

1= 

O 

■5 

■5 

*-f 

^j. 

LJ 

t- 

u 

D> 

0J 

£T 

ai 

l 

Hi 

JV 

cu 

■M 

E 

E 

cn 

^3 

y) 

c 

**- 

O 

0 

*i- 

^> 

4^ 

^* 

0 

5 


a) 

1 


co 
cn 


o 


JD 


o 

E 

o 


CJ 


w  u 

o  -M 

_  0 

id  eg 

trt  JZ 

O  -* 


m 

QJ 

p- 

C 

O 

O 

■1— 

TJ 

XI 

CL 
i/J 

xj 

XV 

r 

C 

rtJ 

'D 

O 

1» 

L- 

to*. 

C 

O 

•L- 

rt3 
CL 

OJ 

O 

1 

Ql 

£= 

a, 

"D 

<C 

3 

X 

' — 

re 

OJ 

LJ 

V— 

Ti 

c 

LO 

13 

> 

-  F— 

CO 

nl 

cn 

X3 

c 

rC 

j_i 

ro 

O 

to 

(13 

D 

£= 

□ 

u. 

a. 

v: 

rc 

CL 

in 

£1 

v> 

u 

O 

tE 

C 

-5 

X) 

CJ 

OJ 

<D 

0 

E 

— J 

6- 

in 

CJ 

oj 

c. 

rci 

0 

1^1 

tr. 

OJ 

i» 

E 

c 

tr 

QJ 

CL 

O 

t- 
O 

3 

O 

u 

CT 

i/3 

0 

+^ 

CL 

LH 

tl 

t 

OJ 

c 

LT 

O 

rt! 

XJ 

u 

rQ 

(J 

0 

QJ 

<D 

tD 

c 

L. 

O 

CO 

CO 

cn 

m 

cn 

(rt 

LJ 

*J 

i_ 

to 

L_ 

i— 

rc 

D 

OJ 

CL 

_Ci 
lO 

L0 

CJ 

LJ 

U- 

■*-> 

CO 

O 

cn 

C 

r^- 

r^. 

QC 

th 

XJ 

cn 

cn 

0 

rn 

jn 

cn 

O 

u  1 

17) 

CC 

CO 

OJ 

cn 

i_ 

OJ 

E 

CJ 

Li 

in 

4^ 

m 

su 

a> 

JD 

*j 

OJ 

rD 

O 

ro 

=E 

CC 

Cl 

O 

1/1 

CC1 

O 

O 

LT> 

4J 

■5 

in 

CO 

CO 

E 

to 

CJ3 

cn 

QJ 

-0 

L? 

to 

-D 

c 

CO 

u 

> 

0 

> 

cn 

OJ 

<D 

CJ 

C 

*J 

£ 

CC 

(PC 

X) 

OJ 

-C 

IB 

LO 

CTi 

C 

OJ 

a> 

CL 

=J 

to 

c 

Or 

f— 

LU 

5> 

dJ 

0 

O 

jL. 

ro 

O- 

a. 

LU 

*i 

r; 

0 

0 

E 

CJ 

0J 

CD 

QJ 

OJ 

-C 

ji 

u 

U 

O 

0 

v. 

L- 

L. 

L- 

3 

3 

=3 

3 

L_ 

Li-J 

□ 

0 

O 

> 

0 

O 

OJ 

to 

1= 

> 

U 

x> 

OJ 

0 

VI  - 12 


Table  Vl-4    Unit  Costs  of  Underground  Injection 
of  Produced  Water,  by  Zone 
(Dollars  per  Barrel  of  Water) 


Zone 

L-    1  n  lJ  3       ■  i 

i  n  *ect  ion 

Class  I  ^ 

;ect icna 

Disposal 

EOR 

Disposal 

EOR 

Appa  lacMank 

$1.26-1. 

33  $0.75 

S2.45 

$6.12 

Gulf 

0.1C 

0,23 

0.84 

1.35 

Midwest 

0.29 

QAZ 

1.14 

0.84 

P  la  ins 

0. 14 

0.19 

0  +  86 

1.21 

Texas/Oklahoma 

0,11 

0.14 

0.96 

0.76 

Northern  Mountain 

0,01 

0.14 

0.40 

0,58 

Southern  Mountain 

0.07 

0.14 

K05 

0.67 

West  Coast 

0.04 

0.05 

0.72 

0  25 

Alaska 

0.05- 

0.41- 

1.28 

2+lS 

Lower  48  States 

0. 10 

0,14 

0.92 

0.78 

a  Disposal  costs  for  Class  I  injection  include  transportation  and 
loading/unloading  charges  except  for  the  Northern  Mountain  rone  and 
Alaska,  where  onsite  disposal  is  expected  to  occur. 

b  Class  J I  disposal  costs  for  Appalachian  zone  includes  transport  and 
loading/unloading  charges.    Lower  estimate  is  for  intermediate  scenarios; 
higher  estimate  is  for  basel ine  pract ice  due  to  change  in  transport 
distances.    For  all  other  zones.  Class  II  disposal  is  assumed  to  occur 
ons ite . 

Sources:    Tilden  I987at  1987b. 
NOTE:    Base  year  for  costs  is  1985. 
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Produced  water  disposal  costs  range  from  SO. 01  to  $1.33  per  barrel 
for  Class  II  disposal  and  EOR  injection  and  from  50.40  to  $6.12  per 
barrel  for  Class  I  disposal  and  EOR  injection.    Costs  for  Class  1 
facilities  are  substantially  higher  because  of  the  increased  drilling 
completion,  monitoring,  and  surface  equipment  costs  associated  with  waste 
management  facilities  that  accept  hazardous  waste. 

The  transportation  of  waste  represents  an  additional  waste  management 
cost  for  some  facilities.    Transportation  of  drilling  or  production  waste 
for  offsite  centralized  or  commercial  disposal  is  practiced  now  by  some 
companies  and  has  been  included  as  a  potential  disposal  option  in  the 
waste  management  scenarios.    Drilling  waste  transport  costs  range  from 
$0.02  per  barrel/mile  for  nonhazardous  waste  to  SO. 06  per  barrel/mile  for 
hazardous  waste.    Produced  water  transport  costs  range  from  $0.01  per 
barrel/mile  (nonhazardous)  to  $0.04  per  barrel/mile  (hazardous). 
Distances  to  disposal  facilities  were  estimated  based  on  the  volume  of 
wastes  produced,  facility  capacities,  and  the  area  served  by  each 
facility.-  Waste  transportation  also  involves  costs  for  loading  and 
unl oading. 

WASTE  MANAGEMENT  SCENARIOS  AND  APPLICABLE  WASTE  MANAGEMENT 
PRACTICES 

In  order  to  determine  the  potential  costs  and  impacts  of  changes  in 
oil  and  gas  waste  disposal  requirements,  three  waste  management  scenarios 
have  been  defined.    The  scenarios  have  been  designed  to  illustrate  the 
cost  and  impact  of  two  hypothetical  additional  levels  of  environmental 
control  in  relation  to  current  baseline  practices.    EPA  has  not  yet 
identified,  defined,  or  evaluated  its  regulatory  options  for  the  oil  and 
gas  industry;  therefore,  it  should  be  noted  that  these  scenarios  do  not 
represent  regulatory  determinations  by  EPA.    A  regulatory  determination 
will  be  made  by  EPA  following  the  Report  to  Congress. 
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Baseline  Scenario 


The  Baseline  Scenario  represents  the  current  situation.  It 
encompasses  the  principal  waste  management  practices  now  permitted  under 
State  and  Federal  regulations.    Several  key  features  of  current  practice 
for  both  drilling  waste  and  produced  water  were  summarized  in  Table  VI-1, 
and  the  distribution  of  disposal  practices  shown  in  Table  VI-1  is  the 
baseline  assumption  for  this  analysis. 

Intermediate  Scenario 

The  Intermediate  Scenario  depicts  a  higher  level  of  control. 
Operators  generating  wastes  designated  as  hazardous  are  subject  to 
requirements  more  stringent  than  those  in  the  Baseline  Scenario.  An 
exact  definition  of  "hazardous"  has  not  been  formulated  for  this 
scenario.    Further,  even  if  a  definition  were  posited  (e.g.,  failure  of 
the  E.P.  toxicity  test),  available  data  are  insufficient  to  determine  the 
proportion  of  the  industry's  wastes  that  would  fail  any  given  test. 
Pending  an  exact  regulatory  definition  of  "hazardous"  and  the  development 
of  better  analytical  data,  a  range  of  alternative  assumptions  has  been 
employed  in  the  analysis.    In  the  Intermediate  10%  Scenario,  the  Agency 
assumed,  for  the  purpose  of  costing,  that  10  percent  of  oil  and  gas 
projects  generate  hazardous  waste  and  in  the  Intermediate  70%  Scenario 
that  70  percent  of  oil  and  gas  projects  generate  hazardous  waste. 

For  drilling  wastes  designated  hazardous,  operators  would  be  required 
to  use  a  single-synthetic-liner  facility,  landfarming  with  site 
management  (as  defined  in  Table  VI-2),  solidification,  or  incineration. 
Operators  would  select  from  these  available  compliance  measures  on  the 
basis  of  lowest  cost.    Since  a  substantial  number  of  operators  now  employ 
a  single  synthetic  liner  in  drilling  pits,  only  those  sites  not  using  a 
liner  would  be  potentially  affected  by  the  drilling  waste  requirements  of 
the  Intermediate  Scenario. 
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For  produced  waters,  the  Intermediate  Scenario  assumes  injection  into 
Class  II  facilities  for  any  produced  water  that  is  .designated  hazardous. 
Operators  now  discharging  waste  directly  to  water  or  land  (approximately 

9  to  12  percent  of  all  water)  would  be  required  to  use  a  Class  II 
facility  if  their  wastes  were  determined  to  be  hazardous. 

"Affected  operations"  under  a  given  scenario  are  those  oil  and  gas 
projects  that  would  have  to  alter  their  waste  management  practices  and 
incur  costs  to  comply  with  the  requirements  of  the  scenario.  For 
example,  in  the  Intermediate  10%  Scenario,  it  is  assumed  that  only 

10  percent  of  oil  and  gas  projects  generate  hazardous  waste.  For 
drilling,  an  estimated  63  percent  of  oil  and  gas  projects  now  use  unlined 
facilities  and  are  therefore  potentially  affected  by  the  requirements  of 
the  scenario.    Since  10  percent  of  these  projects  are  assumed  to  generate 
hazardous  waste,  an  estimated  6,3  percent  of  the  projects  are  affected 
operations,  which  are  subject  to  higher  disposal  costs. 

The  Subtitle  C  Scenario  [ 

In  the  Subtitle  C  Scenario,  wastes  designated  as  hazardous  are 
subject  to  pollution  control  requirements  consistent  with  Subtitle  C  of 
RCRA.    For  drilling  wastes,  those  wastes  that  are  defined  as  hazardous 
must  be  disposed  of  in  a  synthetic  composite  liner  with  leachate 
collection  (SCLC)  facility  employing  site  management  and  ground-water 
monitoring  practices  consistent  with  RCRA  Subtitle  C,  a  landfarming 
facility  employing  Subtitle  C  site  management  practices,  or  a  hazardous 
waste  incinerator.    In  estimating  compliance  costs  EPA  estimated  that  a 
combination  of  volume  reduction  and  offsite  dedicated  SCLC  disposal  would 
be  the  least-cost  method  for  disposal  of  drilling  waste.    For  production 
wastes,  those  defined  as  hazardous  must  be  injected  into  Class  I  disposal 
or  EOR  injection  wells. 


Vl-16 


Since  virtually  no  drilling  or  production  operations  currently  use 
Subtitle  C  facilities  or  Class  I  injection  wells  in  the  baseline,  all 
projects  that  generate  produced  water  are  potentially  affected.    In  the 
Subtitle  C  10%  Scenario,  10  percent  of  these  projects  are  assumed  to  be 
affected;  in  the  Subtitle  C  70%  Scenario,  70  percent  of  these  projects 
are  affected.    The  Subtitle  C  Scenario,  like  the  Intermediate  Scenario, 
does  not  establish  a  formal  definition  of  "hazardous";  nor  does  it 
attempt  to  estimate  the  proportion  of  wastes  that  would  be  hazardous 
under  the  scenario.    As  with  the  Intermediate  Scenario,  two  assumptions 
(10  percent  hazardous,  70  percent  hazardous)  are  employed,  and  a  range  of 
costs  and  impacts  is  presented. 

This  Subtitle  C  Scenario  does  not,  however,  impose  all  possible 
technological  requirements  of  the  Solid  Waste  Act  Amendments,  such  as  the 
land  ban  and  corrective  action  requirements  of  the  Hazardous  Solid  Waste 
Amendments  (HSWA),  for  which  regulatory  proposals  are  currently  under 
development  in  the  Office  of  Solid  Waste.    Although  the  specific, 
regulatory  requirements  and  their  possible  applications  to  oil  and  gas 
field  practices,  especially  deep  well  injection  practices,  were  not 
sufficiently  developed  to  provide  sufficient  guidelines  for  cost 
evaluation  in  this  report,  the  Agency  recognizes  that  the  full 
application  of  these  future  regulations  could  substantially  increase  the 
costs  and  impacts  estimated  for  the  Subtitle  C  Scenario. 

The  Subtitle  C-l  Scenario 

The  Subtitle  C-l  Scenario  is  exactly  the  same  as  the  Subtitle  C 
Scenario,  except  that  produced  water  used  in  waterfloods  is  considered 
part  of  a  production  process  and  is  therefore  exempt  from  more  stringent 
(i.e.,  Class  I)  control  requirements,  even  if  the  water  is  hazardous.  As 
shown  in  Table  VI-1,  approximately  60  percent  of  all  produced  water  is 
used  in  waterfloods.    Thus,  only  about  40  percent  of  produced  water  is 
potentially  affected  under  the  Subtitle  C-l  Scenario.    The  requirements 
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of  the  Subtitle  C-l  Scenario  for  drilling  wastes  are  exactly  the  same  as 
those  of  the  Subtitle  C  Scenario.    As  with  the  other  scenarios, 
alternative  assumptions  of  10  and  70  percent  hazardous  are  employed  in 
the  Subtitle  C-l  Scenario. 

Summary  of  Waste  Management  Scenarios 

Table  VI-5  summarizes  the  major  features  of  all  the  waste  management 
scenarios.    It  identifies  acceptable  disposal  practices  under  each 
scenario  and  the  percent  of  wastes  affected  under  each  scenario.  The 
Subtitle  C  70%  Scenario  enforces  the  highest  level  of  environmental 
control  in  waste  management  practices,  and  it  affects  the  largest  percent 
of  facilities. 

COST  AND  IMPACT  OF  THE  WASTE  MANAGEMENT  SCENARIOS  FOR  TYPICAL 
NEW  OIL  AND  GAS  PROJECTS 

Economic  Models 

An  economic  simulation  model,  developed  by  Eastern  Research  Group 
(ERG)  and  detailed  in  the  Technical  Background  Document  (ERG  1987),  was 
employed  to  analyze  the  impact  of  waste  management  costs  on  new  oil  and 
gas  projects.    The  economic  model  simulates  the  performance  and  measures 
the  profitability  of  oil  and  gas  exploration  and  development  projects 
both  before  and  after  the  implementation  of  the  waste  management 
scenarios.    For  the  purposes  of  this  report,  a  "project"  is  defined  as  a 
single  successful  development  well  and  the  leasing  and  exploration 
activities  associated  with  that  well.    The  costs  for  the  model  project 
include  the  costs  of  both  the  unsuccessful  and  the  successful  leasing  and 
exploratory  and  development  drilling  required,  on  average,  to  achieve  one 
successful  producing  well. 
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Table  VI -5    Assumed  Waste  Management  Practices  for  Alternative  Waste  Management  Scenarios 


UA*tP                                       Dri  1 1  mc  wastes 

Produced  waters 

management  Potentially 
scenario         Disposal  method                    af f ected  operat ions 

Potentially 

Disposal  method               affected  operations 

Baseline    Un lined  surface  impoundment  N.A. 
Lined  surface  impoundment 

Class  U  injection  N.A. 
Surface  discharge 

Intermediate 


Baseline  practices  for 
nonhazardous  wastes 
For  hazardous  wastes; 

-  Lined  surface 
impoundment 

-  Landf arming  with  site 
management 

-  Solidification 
-  Inc inerat ion 


Facilities  not  now 
using  1 iners : 
approximately  $3% 
of  total6 


Baseline  practices  for 
nonhazardous  wastes 
Class  11  injection  for 
hazardous  wastes 


Fac 1 1  i t ies  not  now 
using  Class  II 
in ject ion; 
approximately  20% 
of  totald 


Subtitle  C  Basel  me  practices  for 

nonhazardous  wastes 
For  hazardous  wastes: 

-  SCLC  impoundment 
with  Subtitle  C 
site  management 

-  Landf arming  with 
Subtitle  C  site 
management 

-  Hazardous  waste 
inc  inerat  ion 


Subt  it  le  C-l 


All  facilities 


Baseline  practices  for 
nonhazardous  wastes 
Class  1  injection  for 
hazardous  wastes 


All  facilities* 


Same  as  Subt it le  C 
scenar  io 


Same  as  Subt it  le  C 
scenar  ioC 


Baseline  practices  for 
nonhazardous  wastes 
For  hazardous  wastes: 

-  Class  I  injection  for 
nonwaterf loods 

-  Class  II  injection  for 
wat erf loods 


Facilities  not  now 
waterf looding; 
approximately  40% 
of  totalf 


3  In  the  Intermediate  10%  Scenario.  10%  of  the  63%.  or  6.37,,  are  assumed  to  be  hazardous;  in  the  Intermediate  70% 
Scenario,  70%  of  the  633.  or  44.1%,  are  assumed  to  be  hazardous. 

b  In  the  Subtitle  C  10%  Scenario,  107,  of  the  100%,  or  10.0%,  are  assumed  to  be  hazardous,  in  the  Subtitle  C  70£ 
Scenario,  70*  of  the  100%.  or  70.0%,  are  assumed  to  be  hazardous. 

c  In  the  Subtitle  C-l  10%  Scenario,  10%  of  the  100%,  or  10.0%,  are  assumed  to  be  hazardous;  in  the  Subtitle  C-l  70% 
Scenario    70%  of  the  100%,  or  70.0%.  are  assumed  to  be  hazardous. 

d  In  the  Intermediate  10%  Scenario.  10%  of  the  20%,  or  are  assumed  to  be  hazardous;  in  the  Intermediate  70% 

Scenario.  70%  of  the  20%.  or  14.0%,  are  assumed  to  be  hazardous. 

e  In  the  Subtitle  C  10%  Scenario,  10%  of  the  100%.  or  10.0%,  are  assumed  to  be  hazardous;  in  the  Subtitle  C  70% 
Scenario.  70%  of  the  100%,  or  70.0%,  are  assumed  to  be  hazardous. 

f  In  the  Subtitle  C-l  10%  Scenario,  10%  of  the  40%.  or  4. OX,  are  hazardous  and  not  exempt  because  of  waterf looding. 
In  the  Subtitle  C-l  70%  Scenario.  ?«  of  the  40%,  or  28.02,  are  hazardous  and  not  exempt  because  of  waterf looding. 
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For  this  study,  model  projects  were  defined  for  oil  wells  (with 
associated  casinghead  gas)  in  the  nine  active  oil  and  gas  zones  and  for  a 
Lower  48  composite.  Model  gas  projects  were  defined  for  the  two  most 
active  gas-producing  zones  (the  Gulf  and  Texas/Oklahoma  zones).  Thus,  12 
model  projects  have  been  analyzed.  The  Technical  Background  Document  for 
the  Report  to  Congress  provides  a  detailed  description  of  the  assumptions 
and  data  sources  underlying  the  model  projects. 

A  distinct  set  of  economic  parameter  values  is  estimated  for  each  of 
the  model  projects,  providing  a  complete  economic  description  of  each 
project.    The  following  categories  of  parameters  are  specified  for  each 
project: 

1.  Lease  Cost:    initial  payments  to  Federal  or  State  governments  or 
to  private  individuals  for  the  rights  to  explore  for  and  to 
produce  oil  and  gas. 

2.  Geological  and  Geophysical  Cost:  .cost  of  analytic  work  prior  to 
drilling. 

3.  Drilling  Cost  per  Well.- 

4.  Cost  of  Production  Equipment. 

5.  Discovery  Efficiency:    the  number  of  wells  drilled  for  one 
successful  wel 1 . 

6.  Production  Rates:    initial  production  rates  of  oil  and  gas  and 
production  decline  rates, 

7.  Operation  and  Maintenance  Costs. 

8.  Tax  Rates:    Rates  for  Federal  and  State  income  taxes,  severance 
taxes,  royalty  payments,  depreciation,  and  depletion. 

9.  Price:    wellhead  selling  price  of  oil  and  gas  (also  called  the 
"first  purchase  price"  of  the  product). 

10.  Cost  of  Capital:    real  after-tax  rate  of  return  on  equity  and 
borrowed  investment  capital  for  the  industry. 

U.  Timing:    length  of  time  required  for  each  project  phase  (i.e., 
leasing,  exploration,  development,  and  production). 
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The  actual  parameter  values  for  the  12  model  projects  are  summarized  in 
Table  VI-6. 

For  each  of  the  12  model  projects,  the  economic  performance  is 
estimated  before  (i.e.,  baseline)  and  after  each  waste  management 
scenario  has  been  implemented.    Two  measures  of  economic  performance  are 
employed  in  the  impact  assessment  presented  here.    One  is  the  after-tax 
rate  of  return.    The  other  is  the  cost  of  production  per  barrel  of  oil 
(here  defined  as  the  cost  of  the  resources  used  in  production,  including 
profit  to  the  owners  of  capital,  excluding  transfer  payments  such  as 
royalties  and  taxes).    A  number  of  other  economic  output  parameters  are 
described  in  the  Technical  Background  Document. 

Quantities  of  Hastes  Generated  by  the  Model  Projects 

To  calculate  the  waste  management  costs  for  each  representative 
project,  it  was  necessary  to  develop  estimates  of  the  quantities  of 
drilling  and  production  wastes  generated  by  .these  facilities.  These 
estimates,  based  on  a  recent  API  survey,  are  provided  in  Table  VI-7. 
Drilling  wastes  are  shown  on  the  basis  of  barrels  of  waste  per  well. 
Production  wastes  are  provided  on  the  basis  of  barrels  of  waste  per 
barrel  of  oil . 

For  the  Lower  48  composite,  an  estimated  5,170  barrels  of  waste  are 
generated  for  each  well  drilled.    For  producing  wells,  approximately  10 
barrels  of  water  are  generated  for  every  barrel  of  oil.    This  latter 
statistic  includes  waterflood  projects,  some  of  which  operate  at  very 
high  water-to-oil  ratios. 

Model  Project  Waste  Management  Costs 

Model  project  waste  management  costs  are  estimated  for  the  baseline 
and  for  each  waste  management  scenario  using  the  cost  data  presented  in 
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Table  VI -7    Average  Quantities  of  Waste  Generated,  by  Zone 


Produced  water 

Model  project/ 

Dri  1 1  mg  waste 

[ barrels/barrel 

zone 

barrels/we  1 1 

nf   ni 1 \ 

Appalachian 

Z.344 

2.41 

Gulf 

10.987 

8,42 

Midwest 

1,853 

23,61 

Plains 

3,623 

9.11 

Texas/Oklahoma 

5,555 

10.62 

Northern  Mountain 

8rSE>9 

12.30 

Southern  Mountain 

7,153 

7,31 

West  Coast 

1,414 

8,05 

Alaska 

7,504 

0.15 

Lower  48  States 

5,170 

9.98 

Gulf  [gas  only) 

10,987 

17.17* 

Texas /Oklahoma  (gas  only) 

5,555 

1 7 . 1 7a 

a  Barrels  of  water  per  million  cubic  feet  of  natural  gas. 
Sources:      API  19B?a;  Flannery  and  Lannan  1987. 
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Tables  VI -3  and  VI-4  and  the  waste  quantity  data  shown  in  Table  VI-7. 
For  each  model  project,  waste  management  costs  are  calculated  for  each 
waste  management  scenario. 

For  each  model  project  and  scenario,  the  available  compliance  methods 
were  identified  (Table  VI -5) .    Cost  estimates  for  all  available 
compliance  methods,  including  transportation  costs  for  offsite  methods, 
were  developed  based  on  the  unit  cost  factors  (Tables  V I  - 2  and  VI -3)  and 
the  waste  quantity  estimates  (Table  VI-7).    Each  model  facility  was 
assumed  to  have  selected  the  lowest  cost  compliance  method.    Based  on 
compliance  cost  comparisons,  presented  in  more  detail  in  the  Technical 
Background  Document,  the  following  compliance  methods  are  employed  by 
affected  facilities  under  the  waste  management  scenarios: 

Intermediate  Scenario 

1.  Drilling  wastes  -  single-liner  onsite  facility;  volume  reduction 
and  transport  to  offsite  single-liner  facility  if  cost-effective. 

2.  Production  wastes  -  Class  II  onsite  facility. 
Subtitle  C  Scenario 

1.  Drilling  wastes  -  transport  to  offsite  SCLC  facility  with  site 
management  and  with  volume  reduction  if  cost-effective. 

2.  Production  wastes  -  for  waterfloods,  onsite  injection  in  Class  I 
facility;  for  nonwaterfloods ,  transport  and  disposal  in  offsite 
Class  I  facility. 

Subtitle  C-I  Scenario 

1.  Drilling  wastes  -  transport  to  offsite  SCLS  facility  with  site 
management  and  with  volume  reduction  if  cost-effective. 

2.  Production  wastes  -  waterfloods  exempt;  for  nonwaterfloods, 
transport  and  injection  in  offsite  Class  I  facility. 

For  each  model  facility  under  each  scenario,  the  least-cost 
compliance  method  was  assumed  to  represent  the  cost  of  affected 
projects.    Costs  for  unaffected  projects  were  estimated  based  on  the  cost 
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of  baseline  practices.    Weighted  average  costs  for  each  model  under  each 
scenario  (shown  in  Tables  VI -8  and  VI -9)  incorporate  both  affected  and 
unaffected  projects.    For  example,  in  the  Subtitle  C  70%  Scenario,  while 
70  percent  of  projects  must  dispose  of  drilling  wastes  in  Subtitle  C 
facilities,  the  other  30  percent  can  continue  to  use  baseline  practices. 
The  weighted  average  cost  is  calculated  as  follows: 

Percentage        Drilling  waste  Weighted 
Project  category  of  projects       disposal  cost  cost 

Affected  operations  70%  561,782  $43,248 

Unaffected  operations  30%  $15,176  $  4,552 

Weighted  average  $47,800 

For  drilling  wastes,  the  weighted  average  costs  range  from  $15,176 
per  well  in  the  Baseline  to  $47,800  per  well  in  the  RCRA  Subtitle  C  70% 
case.    Thus,  the  economic  analysis  assumes  that  each  well  incurs  an 
additional  $32,624  under  the  RCRA  Subtitle  C  70%  Scenario.    For  produced 
water,  costs  per  barrel  of  water  disposed  of  range  from  $0.11  in  the 
Baseline  to  $0.62  in  the  RCRA  Subtitle  C  70%  Scenario.    Thus,  there  is  an 
additional  cost  of  $0.51  per  barrel  of  water  under  this  scenario. 


Impact  of  Waste  Management  Costs  on  Representative  Projects 

The  new  oil  and  gas  projects  incur  additional  costs  under  the 
alternative  waste  management  scenarios  for  both  drilling  and  production 
waste  management.    By  incorporating  these  costs  into  the  economic  model 
simulations,  the  impact  of  these  costs  on  financial  performance  of 
typical  new  oil  and  gas  projects  is  assessed.    These  impacts  are 
presented  in  Tables  VI - 10  and  V I - 1 1 . 

As  shown  in  Table  VI- 10,  the  internal  rate  of  return  can  be 
substantially  affected  by  waste  management  costs,  particularly  in  the 
Subtitle  C  70%  Scenario.    From  a  base  case  level  of  28.9  percent,  model 
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Table  VI ~8    Weighted  Average  Regional  Costs  of  Drilling  Waste  Management 
for  Kodel  Projects  Under  Alternative  Waste  Management  Scenarios 
(Dollars  per  Well) 


Model  project/ 
rone 


Subtitle  C  10%  Subtitle  C  7  OX 

 Intermediate   anci 

Baseline  10%  70%  Subtitle  C-l  1056         Subtitle  C-l  70% 


Appalachian 


Texas/Ok lahoma 


West  Coast 
Alaska 

Lower  48  States 


NOTE:  Costs  in  1985  dollars,  based  on  198S  cost  factors. 
Source:    ERG  estimates. 


J  9.465  5  9.603  $10,420  $12,799  $  33.801 


Gulf  24,582  25,756  32,796  30,848  66.440 

M.dwest  6,014  6.219  7.447  10,136  34,8*0 

piain£  11,442  11.652  14.312  16.073  43.856 


17,398  18.258  23,418  21.163  43,755 


Nortnern  Mountain         24,166  25.495  33.34B  31,965  78,636 

Southern  Mountain  22,711  23.511  '      28,594  29,669  71,555 


3.919       ■        3,258  5.290  6,521  28,135 

2B.779  30,277  39,266  35,333  74.661 

15,176  15,964  20,964  19.837  47,800 
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Table  VI -9    Weignted  Average  Unit  Costs  of  Produced  Water  Management 
for  Model  Projects  under  Alternative  Waste  Management  Scenarios 
(Dollars  per  Barrel  of  Water) 


Model  project/ 

Base  1 ine 

Inte 

^mediate 

SubT  it  le  C 

Subt  it 

lo  C-l 

zone 

70% 

10% 

70% 

10% 

70% 

Appa lach lan 

SO  53 

SO 

57 

$0, 

94 

$0.80 

$2.51 

$0,67 

SI  -57 

Gulf 

0.08 

0 

.06 

0. 

:o 

0.16 

0.65 

CIS 

0.  57 

Mi  dues t 

0.  U 

0 

.  14 

0. 

u 

0.22 

0.65 

C.  15 

ozo 

P la  ins 

0,16 

0 

.16 

0. 

16 

0,24 

0.74 

G.2C 

0.47 

Tevas/Ok la noma 

0.13 

0 

.13 

0. 

13 

0.20 

0  61 

0.15 

0,31 

Northern  Mountain 

0,07 

0 

.07 

0. 

07 

0,11 

0.36 

0.09 

0.U 

Southern  Mounta  in 

0.13 

0 

.13 

0 

13 

0,19 

0.55 

0.14 

0.24 

West  Coast 

0,04 

0 

.OA 

0. 

04 

0.08 

0,34 

0.07 

0,26 

Alaska 

0,31 

0.31 

0. 

31 

0.46 

IM 

0,34 

0  56 

Lower  4b  States 

0.11 

0 

,11 

0. 

.12 

0.1S 

0,62 

0.15 

0,35 

NOTE :  Waste  management  costs  applied  to  both  oil  and  gas  production  wastes. 
Costs  in  1985  dollars. 

Source:    ERG  estimates. 


VI -27 


VI -28 


o 
o 


OJ 

TS 

at 
E 

In 

OJ 

c 


fc  *— 
*^  oj 


O 


o 


CJ 
C 


l/1 


PC 

O, 


O 

eft 

UD 

CT. 

rji 

Li 

CD 

CD 

CD 

iv 

o 

cm 

C 

lT)  *H 
O  CJ  O 

CD  O  O 


re 

CT. 


-J 

0*j| 
m 

O 

CD 
CM 

CM 

«£> 

CO 

CD 

CM 

O 

o- 

o 

O 

CD 

o 

o 

o 

CO 

en 

CT, 

a? 

EM 

U3 
LP 

CD 

CO 

O 

CXI 
OD 

cm 

co 

O 

CNJ 

EM 

o 

CM 

-or 

O  — ^ 


CM 

o 

m 

m 

O 

CM 

CM 

O 

O 

CD 

o 

CD 

O 

d 

CO  » 

o 

f*fc 

CD 

o 

EM 
CD 

O 

CM 

CD 

o 

-o 

o 

o 

o 

CD 

O 

O 

o 

o 

o 

CD 

O 


*— *  rM 


CD 

a 

CD 


3 
CD 


CT 

a 

i 

E 

1 

a 

£ 

<B 

3£ 

o 

o 

c 

V) 

U? 

It3 

iD 

X 

X 

a) 

QJ 

Or 

1— 

CJ  o 

C5  © 


1ft 

IdT) 

CD 

lit? 

CO 

o 

cn 

CM 
O 

cn 

in 

cri 

CO 

CO 

in 

in 

el; 

*j 

CD 

W> 

CO 

6 

LJ 

m 

M 

L. 

+J 

OJ 

% 

sj 

a 

:* 

5 

_j 

CO 

o 


£J_ 


c 

ra 

■* 

J_ 

X 

o 

Ti 

(J 

10 

CJ 

3 

U 

C 

c 

o 

fU 

1^ 

CJ 

a> 

> 

CJ 

rrj. 

CJ- 

T. 

tn 

+J 

l>1 

Li 

o 

TC 

u 

c 

c 

VJ 

m 

Q. 

□ 

D^ 

o 

S- 

irt 

tn 

Q 

ai 

U 

X 

m 

m 

c 

rC 

2 

c 

OJ 

L. 

U 

CJ 

c 

"O 

u 

o 

+J 

rc 

"D 

I) 

J= 

c 

CJ 

=3 

OJ 

T3 

H 

C 

O 

CJ 

1, 

CJ  (D 

O  *- 

a. 


(/>  LjJ 


r- 

+J  OJ 

O  I 


Vl-29 


project  after-tax  internal  rates  of  return  decline  under  the  waste 
management  scenarios  to  the  13.0  to  28.8  percent  range  for  the  Lower  48 
average. 

The  after-tax  cost  of  producing  hydrocarbons  can  also  increase 
substantially.    As  Table  VI -11  shows,  these  costs  can  increase  by  up  to 
$2.98  per  barrel  of  oil  equivalent  (BOE),  a  20  percent  increase  over 
baseline  costs.    The  impacts  of  these  cost  increases  on  a  national  level 
are  described  further  below. 

REGIONAL-  AND  NATIONAL-LEVEL  COMPLIANCE  COSTS  OF  THE  WASTE 
MANAGEMENT  SCENARIOS 

The  cost  of  waste  management  for  the  typical  projects  under  each 
waste  management  scenario  (see  Tables  VI -8  and  VI -9)  were  used  in 
conjunction  with  annual  drilling  (API  1986)  and  production  levels  (API 
1987c)  to  estimate  the  regional*  and  national -level  annual  costs  of  the 
waste  management  scenarios.    These  costs,  which  include  both  drilling  and 
production  waste  disposal  costs,  are  presented  in  Table  V I  - 1 2  - 
National -level  costs  range  from  $49  million  in  the  Intermediate  10% 
Scenario  to  more  than  512.1  billion  in  the  Subtitle  C  70%  Scenario. 

The  costs  presented  in  Table  VI -12  do  not  include  the  effects  of 
closures.    They  are  based  on  1985  drilling  and  production  levels, 
assuming  that  no  activities  are  curtailed  because  of  the  requirements  of 
the  waste  management  scenarios.    In  reality,  each  of  the  waste  management 
scenarios  would  result  in  both  the  early  closure  of  existing  projects  and 
the  cancellation  of  new  projects.    To  the  extent  that  the  level  of  oil 
and  gas  activity  declines,  total  aggregate  compliance  costs  incurred 
under  each  waste  management  scenario  will  be  lower,  but  there  will  be 
other  costs  to  the  national  economy  caused  by  lower  levels  of  oil 
production.    These  effects  are  described  more  fully  below. 
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CLOSURE  ANALYSIS  FOR  EXISTING  WELLS 

The  potential  of  the  waste  management  scenarios  to  shut  down  existing 
producing  wells  was  estimated  using  the  model  facility  approach.  The 
model  facility  simulations  for  existing  projects,  however,  do  not  include 
the  initial  capital  cost  of  leasing  and  drilling  the  production  well. 
For  the  analysis  of  existing  projects,  it  is  assumed  that  these  costs 
have  already  been  incurred.    The  projects  are  simulated  for  their 
operating  years.    If  operating  revenues  exceed  operating  costs,  the 
projects  remain  in  production. 

Closures  of  existing  wells  are  estimated  by  using  a  variable  called 
the  economic  limit  (i.e.,  a  level  of  production  below  which  the  project 
cannot  continue  to  operate  profitably).    Under  the  waste  management 
scenarios,  produced  water  disposal  costs  are  higher  and,  therefore,  the 
economic  limit  is  higher.    Some  projects  that  have  production  levels  that 
exceed  the  baseline  economic  limit  would  fall  below  the  economic  limit 
under  the  alternative  waste  management  scenarios.    Those  projects  not 
meeting  this  higher  level  of  production  can  be  predicted  to  close.  This 
analysis  was  conducted  only  with  respect  to  stripper  wells.    To  the 
extent  that  certain  high-volume,  low-margin  wells  may  also  be  affected, 
the  analysis  may  understate  short-term  project  closures. 

The  economic  limit  analysis  requires  information  on  the  distribution 
of  current  production  levels  across  wells.    Because  of  the  lack  of  data 
for  most  States,  the  economic  limit  analysis  is  presented  here  only  for 
Texas  and  on  a  national  level.    The  1985  distribution  of  production  by 
volume  size  class  for  Texas  and  for  the  Nation  as  a  whole  is  shown  in 
Table  Vl-13. 

Table  VI-14  displays  the  results  of  the  economic  limit  analysis. 
Under  baseline  assumptions,  the  representative  Lower  48  project  requires 
2.40  barrels  per  day  to  remain  in  operation.    The  economic  limit  for 
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Table  VI - 13    Distribution  of  Oil  Production 
Across  Existing  Projects,  1985 


Protection  Total  Oil 

Interval  (BOPO)  Number  Production 

Reg  Ton  bbVd  of  Wells  1000  bb/d 


Nat lonal 


0  -  1 

i 1 ?  nnn 
lie, UUU 

7  ] 

1  -  2 

lie, UUU 

1  n1^ 
1 

2-3 

7Q  nnn 
to r UUU 

3-4 

rc     A  n  A 

C  J  r  UUU 

71  1 

4  -  5 

CVt  WW 

D  ■_ 

5  -  D 

6  -  1 

21,000 

142 

7  -  8 

16,000 

119 

6  -  9 

15P  000 

]  29 

9  -  10 

9,000 

63 

475,000 

1.371 

<1 

42,631 

21 

1.0  -  1.5 

15,018 

19 

1,6  -  2.5 

20,856 

43 

2.6  -  3.5 

14,018 

43 

3.6  -  4,5 

11,303 

46 

4.6  -  5.5 

9.665 

4S 

5.6  -  6.5 

7,638 

46 

6.6  -  7  +  5 

6,201 

44 

7.6  -  8. 6 

5.420 

44 

9.6  -  105 

4,441 

45 

1 

142/743 

Sources:      .The  Effect  of  Lower  Oil  Prices  on  Production  From  Proved  U.S. 
Oil  Reserves,'*    Energy  and  Environmental  Analysis,  Inc.. 
February  1987.  taken  from  Figure  2-2.     Indicators:    A  Monthly 
Data  Review-April  1986.  Railroad  Commission  of  Teas,  April 
1986. 
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affected  operations  rises  to  3.01  to  4.20  barrels  per  day  under  the  waste 
management  scenarios.    The  increase  in  the  economic  limit  results  in 
closures  of  from  0.03  percent  to  36.20  percent  of  all  producing  wells. 

The  "lower-range  effects"  in  Table  VI- 14  assume  that  only  affected 
wells  (i.e.,  wells  generating  hazardous  produced  waters}  producing  at 
levels  between  the  baseline  economic  limit  and  the  economic  limit  under 
the  waste  management  scenarios  will  be  closed.    The  "upper-range  effects" 
assume  that  all  affected  wells  producing  at  levels  below  the  economic 
limit  under  the  waste  management  scenarios  will  be  closed,  and  are 
adjusted  to  account  for  the  change  in  oil  prices  from  1985  to  1986. 

Under  the  lower-range  effects  case,  production  losses  are  estimated 
at  between  0.00  and  3.07  percent  of  total  production.    Under  the 
upper-range  effects  assumptions,  production  closures  range  from  0.25  to 
4.79  percent  of  the  total.    These  results  are  indicative  of  the 
immediate,  short-term  impact  of  the  waste  management  scenarios  caused  by 
wel T  cl osures . 

The  results  of  the  Texas  simulation  mirror  those  of  the 
national-level  analysis.    This  would  be  expected,  since  nearly  30  percent 
of  all  stripper  wells  are  in  Texas,  and  the  State  is,  therefore, 
reflected  disproportionately  in  the  national -level  analysis.    Under  the 
lower-range  effects  assumptions,  Texas  production  declines  between  0.00 
and  2.07  percent.    Under  the  upper-range  effects  assumptions,  Texas 
production  declines  between  0.24  and  3.71  percent. 

THE  INTERMEDIATE  AND  LONG-TERM  EFFECTS  OF  THE  WASTE 
MANAGEMENT  SCENARIOS 

Production  Effects  of  Compliance  Costs 

The  intermediate  and  long-term  effects  of  the  waste  management 
scenarios  will  exceed  the  short-term  effects  for  two  principal  reasons. 
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First,  the  increases  in  drilling  waste  management  cost,  which  do  not  affect 
existing  producers,  can  influence  new  project  decisions.    Second,  the 
higher  operating  costs  due  to  produced  water  disposal  requirements  may 
result  in  some  project  cancellations  because  of  the  expectation  of  reduced 
profitability  during  operating  years.    Although  such  projects  might  be 
expected  to  generate  profits  in  their  operating  years  (and  therefore  might 
be  expected  to  operate  if  drilled),  the  reduced  operating  profits  would  not 
justify  the  initial  investment. 

The  intermediate  and  long-term  production  effects  were  estimated  using 
Department  of  Energy  (DOE)  production  forecasting  models.    As  described 
above,  an  economic  simulation  model  was  used  to  calculate  the  increase  in 
the  cost  of  resource  extraction  under  each  waste  management  scenario. 
These -costs  were  used  in  conjunction  with  the  DOE  F0SSIL2  model  (DOE  19S5) 
and  the  DOE  PROLOG  model  (DOE  1982)  to  generate  estimates  of  intermediate 
and  long-term  production  effects  of  the  waste  management  scenarios. 

For  the  F0SSIL2  model,  an  estimate  of  the  increase  in  resource 
extraction  costs  for  each  waste  management  scenario,  based  on  model  project 
analysis,  was  provided  as  an  input.    Simulations  were  performed  to  measure 
the  impact  of  this  cost  increase  on  the  baseline  level  of  production. 

For  the  PROLOG  model,  no  new  simulations  were  performed.  Instead, 
results  of  previous  PROLOG  modeling  were  used  to  calculate  the  elasticity 
of  supply  with  respect  to  price  in  the  PROLOG  model.    The  model  project 
simulation  results  were  used  to  calculate  an  oil  price  decline  that  would 
have  the  same  impact  as  the  cost  increase  occurring  under  each  alternative 
waste  management  scenario.    These  price  increases  were  used  in  conjunction 
with  an  estimate  of  the  price  elasticity  of  supply  from  the  PROLOG  model  to 
estimate  an  expected  decline  in  production  for  each  waste  management 
scenario. 
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Table  V I  - 1 5  shows  the  results  of  this  analysis.    The  long-term  impacts 
of  the  waste  management  scenarios  range  from  levels  that  are  below  the 
detection  limits  of  the  modeling  system  to  declines  in  production  ranging 
up  to  32  percent  in  the  year  2000,  based  on  the  PROLOG  analysis.    For  the 
F0SSIL2  simulations,  production  declines  were  estimated  to  range  from  "not 
detectable"  to  18  percent  in  the  year  2000  and  from  "not  detectable"  to  29 
percent  in  the  year  2010. 

Additional  Impacts  of  Compliance  Costs 

The  decline  in  U.S.  oil  production  brought  about  by  the  cost  of  the 
waste  management  scenarios  would  have  wide-ranging  effects  on  the  U.S. 
economy.    Domestic  production  declines  would  lead  to  increased  oil  imports, 
a  deterioration  in  the  U.S.  balance  of  trade,  a  strengthening  of  OPEC's 
position  in  world  markets,  and  an  increase  in  world  oil  prices.  Federal 
and  State  revenues  from  leasing  and  from  production  and  income  taxes  would 
decline.    Jobs  would  be  lost  in  the  oil  and  gas  drilling,  servicing,  and 
other  supporting  industries;  jobs  would  be  created  in  the  waste  management 
industries  (e.g.,  contractors  who  drill  and  complete  Class  I  injection 
wel  1  s ) . 

It  is  beyond  the  scope  of  this  report  to  fully  analyze  all  of  these  and 
other  macroeconomic  effects.    To  illustrate  the  magnitude  of  some  of  these 
effects,  however,  five  categories  of  impacts  were  defined  and  quantified 
(oil  imports,  balance  of  trade,  oil  price,  Federal  leasing  revenues,  and 
State  production  taxes}.    These  are  presented  in  Table  VI - 16.  Measurable 
effects  are  evident  for  all  but  the  lowest  cost  (Intermediate  10%  Scenario). 

The  impacts  of  the  waste  management  scenarios  on  the  U.S.  economy  were 
analyzed  utilizing  the  DOE  F0SSIL2/W0IL  modeling  system.    Cost  increases 
for  U.S.  oil  producers  create  a  slight  decrease  in  the  world  oil  supply 
curve  (i.e.,  the  amount  of  oil  that  would  be  brought  to  market  at  any  oil 
price  declines).    The  model  simulates  the  impact  of  this  shift  on  the  world 
petroleum  supply,  demand,  and  price. 
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A  new  equilibrium  shows  the  following  effects: 

•  A  lower  level  of  domestic  supply  (previously  depicted  in 
Tabla  VI - 15) ; 

•  A  higher  world  oil  price  (see  Table  VI-16); 

•  A  decrease  in  U.S.  oil  consumption  caused  by  the  higher  world 
oil  price;  and 

•  An  increase  in  U.S.  imports  to  partially  substitute  for  the 
decline  in  domestic  supply  (also  shown  in  Table  VI-16}. 

The  first  numerical  column  in  Table  VI-16  shows  the  decline  in  U.S. 
production  associated  with  each  waste  management  scenario.  These 
projections,  derived  from  simulations  of  the  F0SSIL2/W0IL  modeling 
system,  were  previously  shown  in  Table  VI-%15.    The  second  column  in 
Table  VI-16  provides  F0SSIL2/W0IL  projections  of  the  increase  in 
petroleum  imports  necessary  to  replace  the  lost  domestic  supplies.  The 
projections  range  from  "not  detectable"  to  1.1  million  barrels  per  day, 
equal  to  1.4  to  18.1  percent  of  current  imports  of  approximately  6.1 
million  barrels  per  day. 

The  third  column  in  Table  VI-16  shows  the  increase  in  the  U.S. 
balance  of  trade  deficit  resulting  from  the  increase  in  imports  and  the 
increase  in  the  world  oil  price.    The  increase  in  the  U.S.  balance  of 
trade  deficit  ranges  from  $0.2  to  517. 5  billion  under  the  waste 
management  scenarios.    The  projected  increase  in  petroleum  imports  under 
the  most  restrictive  regulatory  scenarios  could  be  a  matter  for  some 
concern  in  terms  of  U.S.  energy  security  perspectives,  making  the  country 
somewhat  more  vulnerable  to  import  disruptions  and/or  world  oil  price 
fluctuations.    In  the  maximum  case  estimated  (Subtitle  C  70%  Scenario), 
import  dependence  would  increase  from  56  percent  of  U.S.  crude  oil 
requirements  in  the  base  case  to  64  percent  in  the  year  2000. 
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The  fourth  column  shows  the  crude  petroleum  price  increase  projected 
under  each  of  the  waste  management  scenarios  by  the  F0SSIL2/W01L  modeling 
system.    This  increase  ranges  from  SO. 06  to  SI. 08  per  barrel  of  oil  (a 
0.2  to  3  percent  increase).    This  increase  in  oil  price  translates  into 
an  increase  in  costs  to  the  consumer  of  SO. 4  to  S6.4  billion  in  the  year 
2000  (column  five).    These  estimates  are  derived  by  multiplying 
FOSSIL2-projected  U.S.  crude  oil  consumption  in  the  year  2000  by  the 
projected  price  increase.    The  estimates  assume  that  the  price  increase 
is  fully  passed  through  to  the  consumer  with  no  additional  downstream 
markups . 

Federal  leasing  revenues  will  also  decline  under  the  waste  management 
scenarios.    These  revenues  consist  of  lease  bonus  payments  (i.e.,  initial 
payments  for  the  right  to  explore  Federal  lands)  and  royalties  (i.e., 
payments  to  the  Federal  government  based  on  the  value  of  production  on 
Federal  lands).    Both  of  these  revenue  sources  will  decline  because  of 
the  production  declines  associated  with  the  waste  management  scenarios. 
If  the  revenue  sources  are  combined,  there  will  be  a  reduction  of  $19  to 
$280  million  in  Federal  revenues  in  the  year  2000. 

State  governments  generally  charge  a  tax  on  crude  oil  production  in 
the  form  of  severance  taxes,  set  as  a  percentage  of  the  selling  price. 
On  a  national  basis,  the  tax  rate  currently  averages  approximately  6.7 
percent.    Applying  this  tax  rate,  the  seventh  column  in  Table  VI -16  shows 
the  projected  decline  in  State  tax  revenues  resulting  from  the  waste 
management  scenarios.    These  estimates  range  from  about  $60  million  to 
$900  million  per  year. 
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CHAPTER  VII 

CURRENT  REGULATORY  PROGRAMS 

INTRODUCTION 

A  variety  of  programs  exist  at  the  State  and  Federal  levels  to 
control  the  environmental  impacts  of  waste  management  related  to  the  oil 
and  gas  industry.    This  chapter  provides  a  brief  overview  of  the 
requirements  of  these  programs.    It  also  presents  summary  statistics  on 
the  implementation  of  these  programs,  contrasting  the  numbers  of  wells 
and  other  operations  regulated  by  these  programs  with  resources  available 
to  implement  regulatory  requirements. 

State  programs  have  been  in  effect  for  many  years,  and  many  have 
evolved  significantly  over  the  last  decade.    The  material  presented  here 
provides  only  a  general  introduction  to  these  complex  programs  and  does 
not  attempt  to  cover  the. details  of  State  statutes  and  current  State 
implementation  policy.    Additional  material  on  State  regulatory  programs 
can  be  found  in  Appendix  A.    Federal  programs  are  administered  both  by 
the  Environmental  Protection  Agency  and  by  the  Bureau  of  Land  Management 
within  the  U.S.  Department  of  the  Interior. 

STATE  PROGRAMS 

The  tables  on  the  following  pages  compare  the  principal  functional 
requirements  of  the  regulatory  control  programs  in  the  principal  oil-  and 
gas-producing  States  that  have  been  the  focus  of  most  of  the  analysis  of 
this  study.    These  States  are  Alaska,  Arkansas,  California,  Colorado, 
Kansas,  Louisiana,  Michigan,  New  Mexico,  Ohio,  Oklahoma,  Texas,  West 
Virginia,  and  Wyoming. 


Table  VI I - 1  covers  requirements  for  reserve  pit  design,  construction, 
and  operation;  Table  VI 1-2  covers  reserve  pit  closure  and  waste  removal. 
Table  VI 1-3  presents  requirements  for  produced  water  pit  design  and 
construction,  while  Table  VII-4  compares  requirements  for  the  produced 
water  surface  discharge  limits.    Table  V1I-5  deals  with  produced  water 
injection  well  construction;  these  requirements  fall  under  the  general 
Federal  Underground  Injection  Control  program,  which  is  discussed 
separately  below  under  Federal  programs.    Finally,  Table  VII-6  discusses 
requirements  for  well  abandonment  and  plugging. 

FEDERAL  PROGRAMS--EPA 

Federal  programs  discussed  in  this  section  include  the  Underground 
Injection  Control  (UIC)  program  and  the  Effluent  Limitations  Guidelines 
program  administered  by  the  EPA. 

Underground  Injection  Control 

The  Underground  Injection  Control  (UIC)  program  was  established  under 
Part  C  of  the  Safe  Drinking  Water  Act  (SDWA)  to  protect  underground 
sources  of  drinking  water  (USDWs)  from  endangerment  by  subsurface 
emplacement  of  fluids  through  wells.    Part  C  of  the  SDWA  requires  EPA  to: 

1.  Identify  the  States  for  which  UIC  programs  may  be  necessary- -EPA 
listed  all  States  and  jurisdictions; 

2.  Promulgate  regulations  establishing  minimum  requirements  for  State 
programs  which: 

•  prohibit  underground  injection  that  has  not  been  authorized  by 
permit  or  by  rule; 

.  require  applicants  for  permits  to  demonstrate  that  underground 
injection  will  not  endanger  USDWs; 

.  include  inspection,  monitoring,  record-keeping,  and  reporting 
requirements . 
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These  minimum  requirements  are  contained  in  40  CFR  Parts  144  and 
146,  and  were  promulgated  in  June  1980. 

3.  Prescribe  by  regulation  a  program  applicable  to  the  States,  in 

cases  where  States  cannot  or  will  not  assume  primary  enforcement 

responsibility.    These  direct  implementation  (DI)  programs  were 
codified  in  40  CFR  Part  147. 

The  regulations  promulgated  in  1980  set  minimum  requirements  for  5 
classes  of  wells  including  Class  II  wells--wells  associated  with  .oil  and 
gas  production  and  hydrocarbon  storage.    In  December  1980,  Congress 
amended  the  SDWA  to  allow  States  to  demonstrate  the  effectiveness  of 
their  in-place  regulatory  programs  fpr  Class  II  wells,  in  lieu  of 
demonstrating  that  they  met  the  minimum  requirements  specified  in  the  UIC 
regulations.    In  order  to  be  deemed  effective,  State  Class  II  programs 
had  to  meet  the  same  statutory  requirements  as  the- other  classes  of 
wells,"  including  prohibition  of  unauthorized  injection  and  protection  of 
underground  sources  of  drinking  water.    (§1425  SDWA).    Because  of  the 
large  number  of  Class  II  wells,  the  regulations  allow  for  authorization 
by  rule  for  existing  enhanced  recovery  wells  (i.e.,  wells  that  were 
injecting  at  the  time  a  State  program  was  approved  or  prescribed  by 
EPA).    In  DI  States,  these  wells  are  subject  to  requirements  specified  in 
Part  147  for  authorization  by  rule,  which  are  very  similar  to 
requirements  applicable  to  permitted  wells,  with  some  relief  available 
from  casing  and  cementing  requirements  as  long  as  the  wells  do  not 
endanger  USDWs.    In  reviewing  State  programs  where  the  intent  was  to 
"grandfather"  existing  wells  as  long  as  they  met  existing  requirements, 
EPA  satisfied  itself  that  these  requirements  were  sufficient  to  protect 
USDWs.    In  addition,  all  States  adopted  the  minimum  requirements  of 
§146.08  for  demonstrating  mechanical  integrity  of  the  wells  (ensuring 
that  the  well  was  not  leaking  or  allowing  fluid  movement  in  the 
borehole),  at  least  every  5  years.    This  requirement  was  deemed  by  EPA 
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to  bai  absolutely  necessary  in  order  to  prevent  endangerment  of  USDWs.  In 
addition,  EPA  and  the  States  have  been  conducting  file  reviews  of  all 
wells  whether  grandfathered  or  subject  to  new  authorization-by-rule 
requirements.    File  reviews  are  assessments  of  the  technical  issues  that 
would  normally  be  part  of  a  permit  decision,  including  mechanical 
integrity  testing,  construction,  casing  and  cementing,  operational 
history,  and  monitoring  records.    The  intent  of  the  file  review  is  to 
ensure  that  injection  wells  not  subject  to  permitting  are  technically 
adequate  and  will  not  endanger  underground  sources  of  drinking  water. 

Because  of  §1425  and  the  mandate  applicable  to  Federal  programs 
not  to  interfere  with  or  impede  underground  injection  related  to  oil  and 
gas  production,  to  avoid  unnecessary  disruption  of  State  programs  and  to 
consider  varying  geologic,  hydrologic,  and  historical  conditions  in 
different  States,  EPA  has  accepted  more  variability  in  this  program  than 
in  many  of  its  other  regulatory  programs.    Now  that  the  program  has  been 
in  place  for  several  years,  the  Agency  is  starting  to  look  at  the 
adequacy  of  the  current  requirements  and  may  eventually  require  more 
specificity  and  less  variation  among  States. 

Effluent  Limitations  Guidelines 

On  October  30,  1976,  the  Interim  Final  BPT  Effluent  Limitations 
Guidelines  for  the  Onshore  Segment  of  the  Oil  and  Gas  Extraction  Point 
Source  Category  were  promulgated  as  41  FR  (44942).    The  rulemaking  also 
proposed  Best  Available  Technology  Economically  Achievable  (BAT)  and  New 
Source  Performance  Standards. 


VI 1-4 


On  April  13,  1979,  BPT  Effluent  Limitations  Guidelines  were 
promulgated  for  the  Onshore  Subcategory,  Coastal  Subcategory,  and 
Agricultural  and  Wildlife  Water  Use  Subcategory  of  the  Oil  and  Gas 
Extraction  Industry  (44  FR  22069).    Effluent  limitations  were  reserved 
for  the  Stripper  Subcategory  because  of  insufficient  technical  data. 

The  1979  BPT  regulation  established  a  zero  discharge  limitation  for 
all  wastes  under  the  Onshore  Subcategory.    Zero  discharge  Agricultural 
and  Wildlife  Subcategory  limitations  were  established,  except  for 
produced  water,  which  has  a  35-mg/L  oil  and  grease  limitation. 

The  American  Petroleum  Institute  (API)  challenged  the  1979  regulation 
(including  the  BPT  regulations  for  the  Offshore  Subcategory)  {661 
F. 20. 340(1981)) .    The  court  remanded  EPA's  decision  transferring  1,700 
wells  from  the  Coastal  to  the  Onshore  Subcategory  (47  FR  31554).  The 
court  also  directed  EPA  to  consider  special  discharge  limits  for  gas 
well s . 

Summary  of  Major  Regulatory  Activity  Related  to  Onshore  Oil  and  Gas 

October  13,  1976  -  Interim  Final  BPT  Effluent  Limitations  Guidelines 

and  Proposed  (and  Reserved)  BAT  Effluent 
Limitations  Guidelines  and  New  Source  Performance 
Standards  for  the  Onshore  Segment  of  the  Oil  and 
Gas  Extraction  Point  Source  Category 

April  13,  1979     -  Final  Rules 

-  BPT  Final  Rules  for  the  Onshore,  Coastal,  and 
Wildlife  and  Agricultural  Water  Use  Subcategories 

-  Stripper  Oil  Subcategory  reserved 

-  BAT  and  NSPS  never  promulgated 
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July  21,  1982       -  Response  to  American  Petroleum  Institute  vs.  EPA 

Court  Oecision 

-  Recategorization  of  1,700  "onshore"  wells  to 
Coastal  Subcategory 

-  Suspension  of  regulations  for  Santa  Maria  Basin, 
Cal ifornia 

-'Planned  reexamination  of  marginal  gas  wells  for 
separate  regulations 

Onshore  Segment  Subcategories 

Onshore 

•  BPT  Limitation 

--  Zero  discharge 

•  Defined:    NO  discharge  of  wastewater  pollutants  into  navigable 
waters  from  ANY  source  associated  with  production,  field 
exploration,  drilling,  well  completion,  or  well  treatment  (i.e., 
produced  water,  drilling  muds,  drill  cuttings,  and  produced  sand). 

Stripper  (Oil  Wells)1 

•  Category  reserved 

.    Defined:    TEN  barrels  per  well  per  calendar  day  or  less  of  crude 
oil . 


1    This  subcategory  does  not  include  marginal  gas  wells. 
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Coastal 


•  BPT  Limitations 

No  discharge  of  free  oil  (no  sheen) 

--  Oil  and  grease:    72  mg/L  (daily) 

48  mg/L  (average  monthly) 
(produced  waters) 

.    Defined:    Any  body  of  water  landward  of  the  territorial  seas  or 
any  "wetlands  adjacent  to  such  waters. 

,  Wildlife  and  Agriculture  Use 

.    BPT  Limitations 

--  Oil  and  Grease:    35  mg/L  (produced  .waters) 
--  Zero  Discharge:    ANY  waste  pollutants 

•  Defined:    That  produced  water  is  of  good  enough  quality  to  be 
used  for  wildlife  or  livestock  watering  or  other  agricultural  uses 
west  of  the  98th  meridian. 
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FEDERAL  PROGRAMS— BUREAU  OF  LAND  MANAGEMENT 


Federal  programs  under  the  Bureau  of  Land  Management  (BLM)  within  the 
U.S.  Department  of  the  Interior  are  discussed  in  this  section. 

Introduction 

Exploration,  development,  drilling,  and  production  of  onshore  oil  and 
gas  on  Federal  and  Indian  lands  are  regulated  separately  from  non-Federal 
lands.    This  separation  of  authority  is  significant  for  western  States 
where  oil  and  gas  activity  on  Federal  and  Indian  lands  is  a  large 
proportion  of  statewide  activity. 

Regulatory  Agencies 

The  U.S.  Department  of  the  Interior  exercises  authority  under  43  CFR 
3160  for  regulation  of  onshore  oil  and  gas  practices  on  Federal  and 
Indian  lands..    The  Department  of  the  Interior  administers  its  regulatory 
program  through  BLM  offices  in  the  producing  States.    These  offices 
generally  have  procedures  in  place  for  coordination  with  State  agencies 
on  regulatory  requirements.    Where  written  agreements  are  not  in  place, 
BLM  usually  works  cooperatively  with  the  respective  State  agencies. 
Generally,  where  State  requirements  are  more  stringent  than  those  of  BLM, 
operators  must  comply  with  the  State  requirements.    Where  State 
requirements  are  less  stringent,  operators  must  meet  the  BLM  requirements. 

The  Bureau  works  closely  with  the  U.S.  Forest  Service  for  surface 
stipulations  in  Federal  forests  or  Federal  grasslands.    This  cooperative 
arrangement  is  specifically  provided  for  in  the  Federal  regulations. 
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Rules  and  Regulations 

BLM  has  authority  over  oil  and  gas  activities  on  Federal  lands.  The 
authority  includes  leasing,  bonding,  royalty  arrangements,  construction 
and  well  spacing  regulations,  waste  handling,  most  waste  disposal,  site 
reclamation,  and  site  maintenance. 

Historically,  BLM  has  controlled  oil  and  gas  activities  through 
Notices  to  Lessees  (NTLs)  and  through  the  issuance  of  permits.  The 
Bureau  is  working  to  revise  all  notices  into  Oil  and  Gas  Orders,  which 
will  be  Federally  promulgated.    To  date,  Oil  and  Gas  Order  No.  1  has  been 
issued. 

While  the  regulations,  NTLs,  and  orders  provide  the  general  basis  for 
regulation  of  oil  and  gas  activities  on  Federal  and  Indian  lands,  there 
are  variations  in  actual  application  of  some  of  the  requirements  among 
BLM  districts.    In  many  cases,  the  variations  are  in  response  to  specific 
geographical  or  geological  characteristics  of  particular  areas; 

For  example,  in  middle  and  southern  Florida,  the  water  table  is  near 
the  surface.    As  a  result,  BLM  requires  the  use  of  tanks  instead  of  mud 
pits  for  oil  and  gas  drilling  activities  on  Federal  lands  in  this  area. 
In  southeast  New  Mexico,  there  is  simultaneous  development  of  potash 
resources  and  oil  and  gas  resources,  and  drilling  and  development 
requirements  are  imposed  to  accommodate  the  joint  development 
activities.    In  general,  more  stringent  controls  of  wastes  and  of 
disposal  activities  are  required  for  oil  and  gas  activities  that  could 
affect  ground-water  aquifers  used  for  drinking  water. 
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Drill inq 


Before  beginning  to  drill  on  Federal  land,  operators  must  receive  a 
permit  to  drill  from  BLM.    The  permit  application  must  include  a 
narrative  description  of  waste  handling  and  waste  disposal  methods 
planned  for  the  well.    Any  plans  to  line  the  reserve  pit  must  be  detailed. 

The  lease  is  required  to  be  covered  by  a  bond  prior  to  beginning 
drilling  of  the  well.    But  the  bonds  may  be  for  multiple  wells,  on  a 
lease  basis,  statewide  basis,  or  nationwide  basis.    The  current  bond 
requirement  for  wells  on  a  single  lease  is  $10,000.    Statewide  bonds  are 
$25,000,  but  bonds  must  be  provided  separately  for  wells  on  public  land 
and  wells  on  Federally  acquired  land.    The  requirement  for  a  nationwide 
bond  is  $150,000. 

BLM  considers  reserve  pits,  and  some  other  types  of  pits,  as 
temporary.    Except  in  special  circumstances,  reserve  pits  do  not  have  to 
be  'lined.    NTL-2B  contains  the  following  provisions  for  "Temporary  Use  of 
Surface  Pits": 

Unlined  surface  pits  may  be  used  for  handling  or  storage  of  fluids 
used  in  drilling,  redrilling,  reworking,  deepening,  or  plugging  of  a 
well  provided  that  such  facilities  are  promptly  and  properly  emptied 
and  restored  upon  completion  of  the  operations.    Mud  or  other  fluids 
contained  in  such  pits  shall  not  be  disposed  of  by  cutting  the  pit 
walls  without  the  prior  authorization  of  the  authorized  officer. 

Unlined  pits  may  be  retained  as  emergency  pits,  if  approved  by  the 
authorized  officer,  when  a  well  goes  into  production. 

Landspreading  of  drilling  and  reworking  wastes  by  breaching  pit  walls 
is  allowed  when  approved  by  the  authorized  officer. 
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Production 

Produced  waters  may  be  disposed  of  by  underground  injection,  by 
disposal  into  lined  pits,  or  "by  other  acceptable  methods."  An 
application  to  dispose  of  produced  water  must  specify  the  proposed  method 
and  provide  information  that  will  justify  the  method  selected.  One 
application  may  be  submitted  for  the  use  of  one  disposal  method  for 
produced  water  from  wells  and  leases  located  in.  a  single  field,  where  the 
water  is  produced  from  the  same  formation  or  is  of  similar  quality. 

Disposal  in  Pits:  A  number  of  general  requirements  apply  to  disposal 
into  permanent  surface  disposal  pits,  whether  Vined  or  unlined.  The  pits 
must: 

1.  Have  adequate  storage  capacity  to  safely  contain  all  produced 
water  even  in  those  months  when  evaporation  rates  are  at  a  minimum; 

2.  Be  constructed,  maintained,  and  operated  to  prevent  unauthorized 
surface  discharges  of  water;  unless  surface  discharge  is 
authorized,  no  siphon,  except  between  pits,  will  be  permitted; 

3.  Be  fenced  to  prevent  livestock  or  wildlife  entry  to  the  pit,  when 
required  by  an  authorized  officer; 

4.  Be  kept  reasonably  free  from  surface  accumulations  of  liquid 
hydrocarbons  by  use  of  approved  skimmer  pits,  settling  tanks,  or 
other  suitable  equipment;  and 

5    Be  located  away  from  the  established  drainage  patterns  in  the  area 
and  be  constructed  so  as  to  prevent  the  entrance  of  surface  water. 

Approval  of  disposal  of  produced  water  into  unlined  pits  will  be 
considered  only  if  one  or  more  of  the  following  applies: 

•    The  water  is  of  equal  or  better  quality  than  potentially 

affected  ground  water  or  surface  waters,  or  contains  less  than 
5,000  ppm  total  dissolved  solids  (annual  average)  and  no 
objectionable  levels  of  other  toxic  constituents; 
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.  A  substantial  proportion  of  the  produced  water  is  being  used  for 
beneficial  purposes,  such  as  irrigation  or  livestock  or  wildlife 
watering; 

•    The  volume  of  water  disposed  of  does  not  exceed  a  monthly 
average  of  5  barrels/day/facility;  and 

.  A  National  Pollutant  Discharge  Elimination  System  (NPDES)  permit 
has  been  granted  for  the  specific  disposal  method. 

Operators  using  unlined  pits  are  required  to  provide  information 
regarding  the  sources  and  quantities  of  produced  water,  topographic  map, 
evaporation  rates,  estimated  soil  percolation  rates,  and  "depth  and 
extent  of  all  usable  water  aquifers  in  the  area." 

Unlined  pits  may  be  used  for  temporary  containment  of  fluids  in 
emergency  circumstances  as  well  as  for  disposal  of  produced  water.  The 
pit  must  be  emptied  and  the  fluids  appropriately  disposed  of  within  48 
hours  after  the  emergency. 

Where  disposal  in  lined  pits  is  allowed,  the  linings  of  the  pits  must 
be  impervious  and  must  not  deteriorate  in  the  presence  of  hydrocarbons, 
acids,  or  alkalis.    Leak  detection  is  required  for  all  lined  produced 
water  disposal  pits.    The  recommended  detection  system  is  an  "underlying 
gravel -filled  sump  and  lateral  system."    Other  systems  and  methods  may  be 
considered  acceptable  upon  application  and  evaluation.    The  authorized 
officer  must  be  given  the  opportunity  to  examine  the  leak  detection 
system  before  installation  of  the  pit  liner. 

When  applying  for  approval  of  surface  disposal  into  a  lined  pit,  the 
operator  must  provide  information  including  the  lining  material  and  leak 
detection  method  for  the  pit,  the  pit's  size  and  location,  its  net 
evaporation  rate,  the  method  for  disposal  of  precipitated  solids,  and  an 
analysis  of  the  produced  water.    The  water  analysis  must  include 
concentrations  of  chlorides,  sulfates,  and  other  (unspecified) 
constituents  that  could  be  toxic  to  animal,  plant,  or  aquatic  life. 
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Injection:    Produced  waters  may  be  disposed  of  into  the  subsurface, 
either  for  enhanced  recovery  of  hydrocarbon  resources  or  for  disposal. 
Since  the  establishment  of  EPA's  underground  injection  control  program 
for  Class  II  injection  wells,  BLM  no  longer  directly  regulates  the  use  of 
injection  wells  on  Federal  or  Indian  lands.    Instead,  it  defers  to  either 
EPA  or  the  State,  where  the  State  has  received  primacy  for  its  program, 
for  all  issues  related  to  ground-water  or  drinking  water  protection. 
Operators  must  obtain  their  underground  injection  permits  from  either  EPA 
or  the  State. 

BLM  still  retains  responsibility  for  making  determinations  on 
injection  wells  with  respect  to  lease  status,  protection  of  potential  oil 
and  gas  production  zones,  and  the  adequacy  of  pressure-control  and  other 
safety  systems.    It  also  requires  monthly  reports  on  volumes  of  water 
injected. 

Plugging/Abandonment 

When  a  well  is  a  dry  hole,  plugging  must  take  place  before  removal  of 
the  drilling  equipment.    The  mud  pits  may  be  allowed  to  dry  before 
abandonment  of  the  site.    No  abandonment  procedures  may  be  started 
without  the  approval  of  an  authorized  BLM  representative.    Final  approval 
of  abandonment  requires  the  satisfactory  completion  of  all  surface 
reclamation  work  called  for  in  the'approved  drilling  permit. 

Within  90  days  after  a  producing  well  ceases  production,  the  operator 
may  request  approval  to  temporarily  abandon  the  well.  Thereafter, 
reapproval  for  continuing  status  as  temporarily  abandoned  may  be  required 
every  1  or  2  years.    Exact  requirements  depend  on  the  District  Office  and 
on  such  factors  as  whether  there  are  other  producing  wells  on  the  lease. 
The  well  may  simply  be  defined  as  shut-in  if  equipment  is  left  in  place. 
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Plugging  requirements  for  wells  are  determined  by  the  BLM  District 
Office.    Typically,  these  will  include  such  requirements  as  a  100-foot 
cement  plug  over  the  shoe  of  the  surface  casing  (half  above,  half  below), 
a  20-  to  50-foot  plug  at  the  top  of  the  hole,  and  plugs  (usually  100  feet 
across)  above  and  below  all  hydrocarbon  or  freshwater  zones. 

IMPLEMENTATION  OF  STATE  AND  FEDERAL  PROGRAMS 

Table  VI I -7  presents  preliminary  summary  statistics  on  the  resources 
of  State  oil  and  gas  regulatory  programs  for  the  13  States  for  which 
State  regulatory  programs  have  been  summarized  in  Tables  VI I  - 1  through 
VII-6.    Topics  covered  include  rates  of  gas  and  oil  production,  the 
number  of  gas  and  oil  wells,  the  number  of  injection  wells,  the  number  of 
new  wells,  the  responsible  State  agency  involved,  and  the  number  of  total 
field  staff  in  enforcement  positions. 

Table  VI I -8  presents  similar  statistics  covering  activities  of  the 
Bureau  of  Land  Management.    Since  offices  in  one  State  often  have 
responsibilities  for  other  States,  each  office  is  listed  separately  along 
with  the  related  States  with  which  it  is  involved.    Statistics  presented 
include  the  number  of  oil  and  gas  producing  leases,  the  number  of 
nonproducing  oil  and  gas  leases,  and  the  number  of  enforcement  personnel 
available  to  oversee  producing  leases. 
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Table  VII -6  Well  Abandonment/ Plugging 


States 


Plugging  deadline 


Plugging  oversight 


Alaska 


1  year  following  end  of  operator's  ac- 
tivity within  the  field;  if  well  not 
completed,  must  be  abandoned  or  sus- 
pended before  removal  of  drilling 
equipment;  bridge  plugs  reqd  for  sus- 
pended wells. 


Plugging  method  must  be  approved  before 
beginning  work;  indemnity  bond  released 
after  approval  of  well  abandonment. 


Arkansas  If  not  completed,  must  be  abandoned/ 

plugged  before  drilling  equip,  is 
released  form  the  drilling  operation; 
no  time  limit  for  temporary 
abandonment  of  properly  cased  well. 

California  6  months  after  drilling  activity  ceases 

or  2  years  after  drilling  equipment 
is  removed;  unless  temp,  abandonment  of 
proper 1y  cased  we  1 1 . 


Plugging  permit;  onsite  supervision  by 
AOGC  official;  bond  or  other  evidence 
of  fmanacial  responsibility  reqd,  and 
released  only  after  plugging/abandon- 
ment completed. 

Indemnity  bond  released  after  proper 
abandonment  or  completion  is  ensured. 


Colorado  Generally,  6  months  after  production 

ceases;  extensions  require 
semi -annual  status  report. 


k^nsas 


90  days  after  operations  cease,  where 
temporary  abandonment,  annual  exten- 
sions require  notice  and  status  reports, 


Plugging  method  must  be  approved;  COGC 
must  have  opportunity  to  witness; 
Dlanket  or  individual  bond  reqd. 

Plugging  plan  reqd  before  beginning 
work;  report  reqd  after  completion, 


Louisiana  Within  go  days  of  notice  in  "Inactive 

Well  Report"  unless  a  plan  is  submitted 
describing  the  well's  future  use. 


Michigan  Within  60  days  after  cessation  of 

drilling  activities;  within  1  year  af- 
ter cessation  of  production  (with  ex- 
tensions, if  sufficient  reason  to  re- 
ta  in  wel  1) . 


Plugging  method  must  be  approved. 
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Tati  1c  VII - i  icontmuea] 


P lugq  nng  deacl  >ne 


P  lung  inn  overs  i got 


hi-E-:w  Mexico 


n  nmin^;  extensions  granted 


Wei1-  plugging  v  Ur  must  be  approved: 
pluggtrtg  ciontJ  released  after  inspection 
and  Directed  approval. 


us  i  J  hona 


W  Virginia 


W^om ing 


I  rrtirci  rat  el)  upon  auan  do  nine n  t  of  &  d  r  > 
hole,  without  urn^e  rtela>  after  prbiS 
C.«*s«s,  emersions  pr^v  lOed  for  6 


Wnere  proa,  casing  has  oeen  rjn,  i  >ear 

cc^cl  ion  c*  drill  ma  [iHijne;  Oui 
e-.^epT  ion^)  ;   it:  i>  time  wnere  no,  or 
o-::y  surface,  caring  run.  special  rules 
TJf   lempOrdr  y  aosnoonnicnt  - 

Wit  Mr  S3  rttys  after  d'rt'M  i-irg  or  opera- 
tions cease,  except  where  cessation  oc 
cjrrea  in  Ffau  or  'b7  (1  >ear),  exten- 
sions at  Director's  discretion  (it  no 
pollution  hazard)  with  plugging  oond 
or  better  of  credit  or  plan  to  use  for 
enhanced  recovery. 

Prompt  pegging  reqd  if  dry  hole.*  and 
weUs  not  in  use  for  12  mo.  ex  ten - 
s  *ons  for  good  cause . 

Approval  f:rvm  the  State  reqd  if  well 
is  "temporarily  abandoned"  for  more 
tnan  I  year. 


Before  pK.gcpng,  approval  reqd.  after 
pluocnr.ci,  report  read  including  iaen- 
t it>  of  fitnesses.  1; anility  insurance 
reqd,  swetv  Dond  forfeited  vf  noncom- 
p  l  i  a  nee  s?j  t>  re-gs . 

Plviggirg  must  be  supervised  by  an  ou- 
fcftta  uca  !^'.  of  the  Conservation  divi- 
sion; plugging  report  reqd;  proof  of 
financial  JD'.lUy  to  comply  with  plug- 
ging reqt 

Before  plugging,  notification  and 
approval  reqc,  after  plugging,  report 
reqd.  operator  must  oe  present  Curing 
p lugy iny . 


Plugging  bond  a no  not  if .  to  the  Direc- 
tor and  nearby  coal  operators  reqd. 

Before  plugging,  approval  reqch  after 
plugging,  report  reqd;  well  plugging 
fcond  released  after  the  State  mspec- 
t  ion . 
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Table  VII-0  BLM  Enforcement  Matrix* 


Office       Other  States 
location    for  which  office 
[g  responsible 

Producing  oil  and  gas 
leasee 

Nonproducing  oil  and  gas 
leases** 

Personnel 
(tor  producing  leases  wmyj 

Alaska 

43 

8,443 

1  enforcement  position 

California 

305 

1,383 

7  enforcement  positrons 

Colorado 

3,973 

4,463 

10  enforcement  positions 

Idaho 

0 

471 

0  enforcement  positions 

Mississippi 

Alabama 

Arkansas 

Florida 

Kentucky 

Louisiana 

Virginia 

Total 

116 
12 
161 
1 
13 
121 
1 

1,519 
567 
1,099 

A 

0 
65 
487 
523 

3  enforcement  positions 

425 

4,260 

Montana 

North  Dakota 
South  Dakota 

958 
456 

96 

4,721 
1,991 
572 

12  enforcement  positions 

 Total 

1,512 

7,284 

Nevada 

43 

3,045 

i  enforcement  position 

New  Mexico 

Arizona 
Kansas 
Oklahoma 
Texas 

5,725 
10 
150 
2,767 
61 

9,306 
386 
227 

2,754 
279 

Totaf 

8713 

12,952 

43  enforcement  positions 

Oregon 

0 

1,513 

0 

Utah 

1,654 

7,222 

10  enforcement  positions 

Wisconsin 

Maryland 
Michigan 
Missouri 
Ohio 

Pennsylania 
West  Virginia 

Tota 

0 
2 
23 
1 

33 
46 

0 
11 
603 

69 

54 

116 

844 

1  enforcement  position 

Wyoming 

Nebraska 

Tota 

5,037 
42 
5,079 

28,044 
582 

28,626 

27  enforcement  positions 

Tota 

I  22,037 

102251 

115  enforcement  positions 

*  Oil  and  gas  inspectors  working  in  the  field  as  of  March  30, 1 987.  At  that  time 

there  were  eight  vacancies  nationwide, 
**  Includes  leases  that  have  never  been  drilled,  have  been  drilled  and  abandoned, 

or  are  producing  wells  that  have  been  temporarily  shut  down. 
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CHAPTER  VIII 
CONCLUSIONS 


From  the  analysis  conducted  for  this  report,  it  is  possible  to  draw  a 
number  of  general  conclusions  concerning  the  management  of  oil  and  gas 
wastes.    These  conclusions  are  presented  below. 

Available  waste  management  practices  vary  in  their  environmental 
performance. 

Based  on  its  review  of  current  and  alternative  waste  management 
practices,  EPA  concludes  that  the  environmental  performance  of  existing 
waste  management  practices  and  technologies  varies  significantly.  The 
reliability  of  waste  management  practices  will  depend  largely  on  the 
environmental  setting.    However,  some  methods  will  generally  be  less 
reliable  than  others  because  of  more  direct  routes  of  potential  exposure 
to  contaminants,  lower  maintenance  and  operational  requirements, 
inferiority  of  design,  or  other  factors.    Dependence  on  less  reliable 
methods  can  in  certain  vulnerable  locations  increase  the  potential  for 
environmental  damage  related  to  malfunctions  and  improper  maintenance. 
Examples  of  technologies  or  practices  that  are  less  reliable  in  locations 
vulnerable  to  environmental  damage, include: 

•  Annular  disposal  of  produced  water  (see  damage  case  OH  38, 
page  IV-16); 

.  Landspreading  or  roadspreading  of  reserve  pit  contents  (see 
damage  case  WV  13,  page  IV-24); 

•  Use  of  produced  water  storage  pits  (see  damage  case  AR  10, 
page  IV-36);  and 
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on  the  performance  of  existing  technology  to  provide  assurance  that 
future  operations  can  proceed  with  minimal  possible  adverse  impacts  on 
this  sensitive  and  unique  environment.    The  State  of  Alaska  has  recently 
enacted  new  regul ations  which  will  provide  additional  data  on  these 
practices. 

EPA  is  concerned  in  particular  about  the  environmental  desirability 
of  two  waste  management  practices  used  in  Alaska:    discharge  of  reserve 
pit  supernatant  onto  tundra  and  road  application  of  reserve  pit  contents 
as  a  dust  suppressant.    Available  data  suggest  that  applicable  discharge 
limits  have  sometimes  been  exceeded.    This,  coupled  with  preliminary 
biological  data  on  wildlife  impacts  and  tundra  and  surface  water 
impairment,  suggests  the  need  for  further  examination  of  these  two 
practices  with  respect  to  current  and  future  operations.    The  new 
regulations  recently  enacted  by  the  State  of  Alaska  should  significantly 
reduce  the  potential  for  tundra  and  wildlife  impacts. 

Increased  segregation  of  waste  may  help  improve  management  of  oil  and 
gas  wastes. 

The  scope  of  the  exemption,  as  interpreted  by  EPA  in  Chapter  II  of 
this  report,  excludes  certain  relatively  low-volume  but  possibly 
high-toxicity  wastes,  such  as  unused  pipe  dope,  motor  oil,  and  similar 
materials-    Because  some  such  wastes  could  be  hazardous  and  could  be 
segregated  from  the  large-volume  wastes,  it  may  be  appropriate  to  require 
that  they  be  segregated  and  that  some  of  these  low-volume  wastes  be 
managed  in  accordance  with  hazardous  waste  regulations.    While  the  Agency 
recognizes  that  small  amounts  of  these  materials  may  necessarily  become 
mixed  with  exempt  wastes  through  normal  operations >  it  seeks  to  avoid  any 
deliberate  and  unnecessary  use  of  reserve  pits  as  a  disposal  mechanism. 
Segregation  of  these  wastes  from  high-volume  exempt  wastes  appears  to  be 
desirable  and  should  be  encouraged  where  practical* 
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Although  this  issue  is  not  explicitly  covered  in  Chapter  VII,  EPA  is 
aware  that  some  States  do  require  segregation  of  certain  of  these 
low-Volume  wastes.    EPA  does  not  have  adequate  data  on  which  to  judge 
whether  these  State  requirements  are  adequate  in  coverage,  are 
enforceable,  are  environmentally  effective,  or  could  be  extended  to 
general  operations  across  the  country.    The  Agency  concludes  that  further 
study  of  this  issue  is  desirable. 

Stripper  operations  constitute  a  special  subcategory  of  the  oil  and  gas 
industry. 

Strippers  cumulatively  contribute  approximately  14  percent  of  total 
domestic  oil  production.    As  such,  they  represent  an  economically 
important  component  of  the  U.S.  petroleum  industry.    Two  aspects  of  the 
stripper  industry  raise  issues  of  consequence  to  this  study. 

First,  generation  of  production  wastes  by  strippers  is  more 
significant  than  their  total  petroleum  production  would  indicate.  Some 
stripper  wells  yield  more  than  100  barrels  of  produced  water  for  each 
barrel  of  oil,  far  higher  on  a  percentage  production  basis  than  a  typical 
new  well,  which  may  produce  little  or  no  water  for  each  barrel  of  oil. 

Second,  stripper    operations  as  a  rule  are  highly  sensitive  to  small 
fluctuations  in  market  prices  and  cannot  easily  absorb  additional  costs 
for  waste  management. 

Because  of  these  two  factors-inherently  high  waste-production  rates 
coupled  with  economic  vulnerability -EM  concludes  that  stripper 
operations  constitute  a  special  subcategory  of  the  oil  and  gas  industry 
that  should  be  considered  independently  when  developing  recommendaUons 
for  possible  improvements  in  the  management  of  oil  and  gas  wastes.  In 
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the  event  that  additional  Federal  regulatory  action  is  contemplated,  such 
special  consideration  could  indicate  the  need  for  separate  regulatory 
actions  specifically  tailored  to  stripper  operations. 

Documented  damage  cases  and  quantitative  modeling  results  indicate 
that,  when  managed  in  accordance  with  State  and  Federal  requirements, 
exempted  oil  and  gas  wastes  rarely  pose  significant  threats  to  human 
health  and  the  environment. 

Generalized  modeling  of  human  health  risks  from  current  waste 
management  practices  suggests  that  risks  from  properly  managed  operations 
are  low.    The  damage  cases  researched  in  the  course  of  this  project, 
however,  indicate  that  exempt  wastes  from  oil  and  gas  exploration, 
development,  and  production  can  endanger  human  health  and  cause 
environmental  damage  when  managed  in  violation  of  existing  State 
requirements. 

Damage  Cases 

In  a  large  portion  of  the  cases  developed  for  this  study,  the  types 
of  mismanagement  that  lead  to  such  damages  are  illegal  under  current 
State  regulations  although  a  few  were  legal  under  State  programs  at  the 
time  when  the  damage  originally  occurred.    Evidence  suggests  that 
violations  of  regulations  do  lead  to  damages.    It  is  not  possible  to 
determine  from  available  data  how  frequently  violations  occur  or  whether 
violations  would  be  less  frequent  if  new  Federal  regulations  were  imposed. 

Documented  damages  suggest  that  all  major  types  of  wastes  and  waste 
management  practices  have  been  associated  to  some  degree  with 
endangerment  of  human  health  and  damage  to  the  environment.  The 
principal  types  of  wastes  responsible  for  the  damage  cases  include 
general  reserve  pit  wastes  (primarily  drilling  fluids  and  drill  cuttings, 
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but  also  miscellaneous  wastes  such  as  pipe  dope,  rigwash,  diesel  fuel, 
and  crude  oil);  fracturing  fluids;  production  chemicals;  waste  crude  oil; 
produced  water;  and  a  variety  of  miscellaneous  wastes  associated  with 
exploration,  development,  or  production.    The  principal  types  of  damage 
sometimes  caused  by  these  wastes  include  contamination  of  drinking-water 
aquifers  and  foods  above  levels  considered  safe  for  consumption,  chemical 
contamination  of  livestock,  reduction  of  property  values,  damage  to 
native  vegetation,  destruction  of  wetlands,  and  endangerment  of  wildlife 
and  impairment  of  wildlife  habitat. 

Risk  Modeling 

The  results  of  the  risk  modeling  suggest  that  of  the  hundreds  of 
chemical  constituents  detected  in  both  reserve  pits  and  produced  fluids, 
only  a  few  from  either  source  appear  to  be  of  concern  to  human  health  and 
the  environment  via  ground-water  and  surface  water  pathways.  The 
principal  constituents  of  potential  concern,  based  on  ah  analysis  of 
their  toxicological  data,  their  frequency  of  occurrence,  and  their 
mobility  in  ground  water,  include  arsenic,  benzene,  sodium,  chloride, 
boron,  cadmium,  chromium,  and  mobile  salts.    All  of  these  constituents 
were  included  in  the  quantitative  risk  modeling;  however,  boron,  cadmium, 
and  chromium  did  not  produce  risks  or  resource  damages  under  the 
conditions  modeled. 

For  these  constituents  of  potential  concern,  the  quantitative  risk 
modeling  indicates  that  risks  to  human  health  and  the  environment  are 
very  small  to  negligible  when  wastes  are  properly  managed.  However, 
although  the  risk  modeling  employed  several  conservative  assumptions,  it 
was  based  on  a  relatively  small  sample  of  sites  and  was  limited  in  scope 
to  the  management  of  drilling  waste  in  reserve  pits,  the  underground 
injection  of  produced  water,  and  the  surface  water  discharge  of  produced 
water  from  stripper  wells.    Also,  the  risk  analysis  did  not  consider 
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migration  of  produced  water  contaminants  through  fractures  or  unplugged 
or  improperly  plugged  and  abandoned  wells.    Nevertheless,  the  relatively 
low  risks  calculated  by  the  risk  modeling  effort  suggest  that  complete 
adherence  to  existing  State  requirements  would  preclude  most  types  of 
damages. 

Damages  may  occur  in  some  instances  even  where  wastes  are  managed  in 
accordance  with  currently  applicable  State  and  Federal  requirements. 

There  appear  to  be  some  instances  in  which  endangerment  of  human 
health  and  damage  to  the  environment  may  occur  even  where  operations  are 
in  compliance  with  currently  applicable  State  and  Federal  requirements. 

Damage  Cases 

Some  documented  damage  cases  illustrate  the  potential  for  human 
health  endangerment  or  environmental  damage  from  such  legal  practices  as 
discharge  to  ephemeral  streams,  surface  water  discharges  in  estuaries  in 
the  Gulf  Coast  region,  road  application  of  reserve  pit  contents  and 
discharge  to  tundra  in  the  Arctic,  annular  disposal  of  produced  waters, 
and  landspreading  of  reserve  pit  contents. 

Risk  Model i no 

For  the  constituents  of  potential  concern,  the  quantitative 
evaluation  did  indicate  some  situations  (less  than  5  percent  of  those 
studied)  with  carcinogenic  risks  to  maximally  exposed  individuals  higher 
then  1  in  10,000  (lxlO*4)  and  sodium  levels  in  excess  of  interim  limits 
for  public  drinking  water  supplies.    Although  these  higher  risks  resulted 
only  under  conservative  modeling  assumptions,  including  high  (90th 
percentile)  concentration  levels  for  the  toxic  constituents,  they  do 
indicate  potential  for  health  or  environmental  impairment  even  under  the 
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general  assumption  of  compliance  with  standard  waste  management 
procedures  and  applicable  State  and  Federal  requirements.  Quantitative 
risk  modeling  indicates  that  there  is  an  extremely  wide  variation  (six  or 
more  orders  of  magnitude)  in  health  and  environmental  damage  potential 
among  different  sites  and  locations,  depending  on  waste  volumes,  wide 
differences  in  measured  toxic  constituent  concentrations,  management 
practices,  local  hydrogeological  conditions,  and  distances  to  exposure 
points . 

Unplugged  and  improperly  plugged  abandoned  wells  can  pose  significant 
environmental  problems. 

Documentation  assembled  for  the  damage  cases  and  contacts  with  State 
officials  indicate  that  ground-water  damages  associated  with  unplugged 
and  improperly  plugged  abandoned  wells  are  a  significant  concern. 
Abandoned  disposal  wells  may  leak  disposed  wastes  back  to  the  surface  or 
to  usable  ground  water.    Abandoned  production  wells  may  leak  native 
brine,  potentially  leading  to  contamination  of  usable  subsurface  strata 
or  surface  waters. 

Many  older  wells,  drilled  and  abandoned  prior  to  current  improved 
requirements  on  well  closure,  have  never  been  properly  plugged.  Many 
States  have  adequate  regulations  currently  in  place;  however,  even  under 
some  States'  current  regulations,  wells  are  abandoned  every  year  without 
being  properly  plugged. 

Occasionally  companies  may  file  for  bankruptcy  prior  to  implementing 
correct  plugging  procedures  and  neglect  to  plug  wells.    Even  when  wells 
are  correctly  plugged,  they  may  eventually  leak  in  some  circumstances  in 
the  presence  of  corrosive  produced  waters.    The  potential  for 
environmental  damage  occurs  wherever  a  well  can  act  as  a  conduit  between 
usable  ground-water  supplies  and  strata  containing  water  with  high 
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chloride  levels.    This  may  occur  when  the  high-chloride  strata  are 
pressurized  naturally  or  are  pressurized  artificially  by  disposal  or 
enhanced  recovery  operations,  thereby  allowing  the  chloride-rich  waters 
to  migrate  easily  into  usable  ground  water. 

Discharges  of  drilling  muds  and  produced  waters  to  surface  waters  have 
caused  locally  significant  environmental  damage  where  discharges  are  not 
in  compliance  with  State  and  Federal  statutes  and  regulations  or  where 
NPDES  permits  have  not  been  issued. 

Damage  cases  indicate  that  surface  water  discharges  of  wastes  from 
exploration,  development,  and  production  operations  have  caused  damage  or 
danger  to  lakes,  ephemeral  streams,  estuaries,  and  sensitive  environments 
when  such  discharges  are  not  carried  out  properly  under  applicable 
Federal  and  State  programs  and  regulations.    This  is  particularly  an 
issue  in  areas  where  operations  have  not  yet  received  permits  under  the 
Federal  NPDES  program,  particularly  along  the  Gulf  Coast,  where  permit 
applications  have  been  received  but  permits  have  not  yet  been  issued,  and 
on  the .Alaskan  North  Slope,  where  no  NPOES  permits  have  been  issued. 

For  the  Nation  as  a  whole,  Rrgulation  of  all  oil  and  gas  field  wastes 
under  unmodified  Subtitle  C  of  RCRA  would" have  a  substantial  impact  on 
the  U.S.  economy. 

The  most  costly  hypothetical  hazardous  waste  management  program 
evaluated  by  EPA  could  reduce  total'  domestic  oil  production  by  as  much  as 
18  percent  by  the  year  2000.    Because  of  attendant  world  price  increases, 
this  would  result  in  an  annual  direct  cost  passed  on  to  consumers  of  over 
$6  billion  per  year.    This  scenario  assumes  that  70  percent  of  all 
drilling  and  production  wastes  would  be  subject  to  the  current 
requirements  of  Subtitle  C  of  RCRA.    If  only  10  percent  of  drilling 
wastes  and  produced  waters  were  found  to  be  hazardous,  Subtitle  C 
regulation  would  result  in  a  decline  of  4  percent  in  U.S.  production  and 
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a  $1.2  billion  cost  increase  to  consumers,  compared  with  baseline  costs, 
in  the  year  2000. 

EPA  also  examined  the  cost  of  a  Subtitle  C  scenario  in  which  produced 
waters  injected  for  the  purpose  of  enhanced  oil  recovery  would  be  exempt 
from  Subtitle  C  requirements.    This  scenario  yielded  production  declines 
ranging  from  about  1.4  to  12  percent  and  costs  passed  on  to  consumers 
ranging  from  $0.7  to  $4.5  billion  per  year,  depending  on  whether  10 
percent  or  70  percent  of  the  wastes  (excluding  produced  waters  injected 
for  enhanced  oil  recovery)  were  regulated  as  hazardous  wastes. 

These  Subtitle  C  estimates  do  not,  however,  factor  in  all  of  the 
Hazardous  and  Solid  Waste  Act  Amendments  relating  to  Subtitle  C  land 
disposal  restrictions  and  corrective  action  requirements  currently  under 
regulatory  development.    If  these  two  requirements  were  to  apply  to  oil 
and  gas  field  wastes,  the  impacts  of  Subtitle  C  regulation  would  be 
substantially  increased. 

The  Agency  also  evaluated  compliance  costs  and  economic  impacts  for 
an  intermediate  regulatory  scenario  in  which  moderately  toxic  drilling 
wastes  and  produced  waters  would  be  subject  to  special  RCRA  requirements 
less  stringent  than  those  of  Subtitle  C.    Under  this  scenario,  affected 
drilling  wastes  would  be  managed  in  pits  with  synthetic  liners,  caps,  and 
ground-water  monitoring  programs  and  regulated  produced  waters  would 
continue  to  be  injected  into  Class  II  wells  (with  no  surface  discharges 
allowed  for  produced  waters  exceeding  prescribed  constituent 
concentration  limits).    This  scenario  would  result  in  a  domestic 
production  decline,  and  a  cost  passed  on  to  consumers  in  the  year  2000, 
of  1.4  percent  and  $400  million  per  year,  respectively,  if  70  percent  of 
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the  wastes  were  regulated.    If  only  10  percent  of  the  wastes  were  subject 
to  regulation,  this  intermediate  scenario  would  result  in  a  production 
decline  of  less  than  1  percent  and  an  increased  cost  to  consumers  of 
under  S100  million  per  year. 

The  economic  impact  analysis  also  estimates  affects  on  U.S.  foreign 
trade  and  State  tax  revenues.    By  the  year  2000,  based  on  U.S.  Department 
of  Energy  models,  the  EPA  cost  results  projected  an  increase  in  national 
petroleum  imports  ranging  from  less  than  100  thousand  to  1.1  million 
barrels  per  day  and  a  corresponding  increase  in  the  U.S.  balance  of 
payments  deficit  ranging  from  less  than  $100  thousand  to  $18  billion 
annually,  depending  on  differences  in  regulatory  scenarios  evaluated. 
Because  of  the  decline  in  domestic  production,  aggregated  State  tax 
revenues  would  be  depressed  by  an  annual  amount  ranging  from  a  few 
million  to  almost  a  billion  dollars,  depending  on  regulatory  assumptions. 

Regulation  of  all  exempt  wastes  under  full,  unmodified  RCRA  Subtitle  C 
appears  unnecessary  and  impractical  at  this  time. 

There  appears  to  be  no  need  for  the  imposition  of  full,  unmodified 
RCRA  Subtitle  C  regulation  of  hazardous  waste  for  all  high-volume  exempt 
oil  and  gas  wastes.    Based  on  knowledge  of  the  size  and  diversity  of  the 
industry,  such  regulations  could  be  logistically  difficult  to  enforce  and 
could  pose  a  substantial  financial ■ burden  on  the  oil  and  gas  industry, 
particularly  on  small  producers  and  stripper  operations.  Nevertheless, 
elements  of  the  Subtitle  C  regulatory  program  may  be  appropriate  in 
select  circumstances.    Reasons  for  the  above  tentative  conclusion  are 
described  below. 

The  Agency  considers  imposition  of  full,  unmodified  Subtitle  C 
regulations  for  all  oil  and  gas  exploration,  development,  and  production 
wastes  to  be  unnecessary  because  of  factors  such  as  the  following. 
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.  Damages  and  risks  posed  by  oil  and  gas  operations  appear  to  be 
linked,  in  the  majority  of  cases,  to  violations  of  existing  State 
and  Federal  regulations.    This  suggests  that  implementation  and 
'enforcement  of  existing  authorities  are  critical  to  proper 
management  of  these  wastes.    Significant  additional  environmental 
protection  could  be  achieved  through  a  program  to  enhance 
compliance  with  existing  requirements. 

.  State  programs  exist  to  regulate  the  management  of  oil  and  gas 
wastes.    Although  improvements  may  be  needed  in  some  areas  of 
design,  implementation,  or  enforcement  of  these  programs,  EPA 
believes  that  these  deficiencies  are  correctable. 

»  Existing  Federal  programs  to  control  underground  injection  and 
surface  water  discharges  provide  sufficient  legal  authority  to 
handle  most  problems  posed  by  oil  and  gas  wastes  within  their 
purview. 

The  Agency  considers  the  imposition  of  full  Subtitle  C  regulations 
for  all  oil  and  gas  exploration,  development,  and  production  wastes  to  be 
impractical  because  of  factors  such  as  the  following: 

•  EPA  estimates  that  the  economic  impacts  of  imposition  of  full 
Subtitle  C  regulations  (excluding  the  corrective  action  and  land 
disposal  restriction  requirements),  as  they  would  apply  without 
modification,  would  significantly  reduce  U.S.  oil  and  gas 
production,  possibly  by  as  much  as  22  percent. 

.  If  reserve  pits  were  considered  to  be  hazardous  waste  management 
facilities,  requiring  permitting  as  Subtitle  C  land  disposal 
facilities,  the  administrative  procedures  and  lengthy  application 
processes  necessary  to  issue- these  permits  would  have  a  drastic 
impact  on  development  and  production. 

♦  Adding  oil  and  gas  operations  to  the  universe  of  hazardous  waste 
generators  would  potentially  add  hundreds  of  thousands  of  sites  to 
the  universe  of  hazardous  waste  generators,  with  many  thousands  ot 
units  being  added  and  subtracted  annually. 

.  Manifesting  of  all  drilling  fluids  and  produced  waters  off site  to 
RCRA  Subtitle  C  disposal  facilities  would  pose  difficult  logistical 
and  administrative  problems,  especially  for  stripper  operations, 
because  of  the  large  number  of  wells  now  in  operation. 
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States  have  adopted  variable  approaches  to  waste  management. 

State  regulations  governing  proper  management  of  Federally  exempt  oil 
and  gas  wastes  vary  to  some  extent  to  accommodate  important  regional 
differences  in  geological  and  climatic  conditions,  but  these  regional 
environmental  variations  do  not  fully  explain  significant  variations  in 
the  content,  specificity,  and  coverage  of  State  regulations.  For 
example,  State  well-plugging  requirements  for  abandoned  production  wells 
range  from  a  requirement  to  plug  within  6  months  of  shutdown  of 
operations  to  no  time  limit  on  plugging  prior  to  abandonment. 

Implementation  of  existing  State  and  Federal  requirements  is  a  central 
issue  in  formulating  recommendations  in  response  to  Section  8002(m). 

A  preliminary  review  of  State  and  Federal  programs  indicates  that 
most  States  have  adequate  regulations  to  control  the  management  of  oil 
and  gas  wastes.    Generally,  these  State  programs  are  improving.  Alaska, 
for  example,  has  just  promulgated  new  regulations.    It  would  be 
desirable,  however,  to  enhance  the  implementation  of,  and  compliance 
with,  certain  waste  management  requirements. 

Regulations  exist  in  most  States  to  prohibit  the  use  of  improper 
waste  management  practices  that  have  been  shown  by  the  damage  cases  to 
lead  to  environmental  damages  and  endangerment  of  human  health. 
Nevertheless,  the  extent  to  which  these  regulations  are  implemented  and 
enforced  must  be  one  of  the  key  factors  in  forming  recommendations  to 
Congress  on  appropriate  Federal  and  non-Federal  actions. 
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CHAPTER  IX 

RECOMMENDATIONS 


Following  public  hearings  on  this  report,  EPA  will  draw  more 
specific  conclusions  and  make  final  recommendations  to  Congress  regarding 
whether  there  is  a  need  for  new  Federal  regulations  or  other  actions. 
These  recommendations  will  be  made  to  Congress  and  the  public  within 
6  months  of  the  publication  of  this  report. 

Use  of  Subtitle  D  and  other  Federal  and  State  authorities  should  be 
explored  as  a  means  for  implementing  any  necessary  additional  controls  on 
oil  and  gas  wastes. 

EPA  has  concluded  that  imposition  of  full,  unmodified  RCRA  Subtitle  C 
regulation  of  hazardous  waste  for  all  exempt  oil  and  gas  wastes  may  be 
neither  desirable  nor  feasible.    The  Agency  believes,  however,  that 
further  review  of  the  current  and  potential  additional  future  use  of 
other  Federal  and  State  authorities  (such  as  Subtitle  D  authority  under 
RCRA  and  authorities  under  the  Clean  Water  Act  and  the  Safe  Drinking 
Water  Act)  is  desirable.    These  authorities  could  be  appropriate  for 
improved  management  of  both  exempt  and  nonexempt,  high-volume  or 
low-volume  oil  and  gas  wastes. 

EPA  may  consider  undertaking  cooperative  efforts  with  States  to  review 
and  improve  the  design,  implementation,  and  enforcement  of  existing  State 
and  Federal  programs  to  manage  oil  and  gas  wastes. 

EPA  has  concluded  that  most  States  have  adequate  regulations  to 
control  most  impacts  associated  with  the  management  of  oil  and  gas 
wastes,  but  it  would  be  desirable  to  enhance  the  implementation  of,  and 
compliance  with,  existing  waste  management  requirements.    EPA  has  also 


concluded  that  variations  among  States  in  the  design  and  implementation 
of  regulatory  programs  warrant  review  to  identify  successful  measures  in 
some  States  that  might  be  attractive  to  other  States.    For  example,  EPA 
may  want  to  explore,  whether  changes  in  State  regulatory  reporting 
requirements  would  make  enforcement  easier  or  more  effective.  EPA 
therefore  recommends  additional  work,  in  cooperation  with  the  States,  to 
explore  these  issues  and  to  develop  improvements  in  the  design, 
implementation,  and  enforcement  of  State  programs. 

During  this  review,  EPA  and  the  States  should  also  explore 
nonregulatory  approaches  to  support  current  programs.    These  might 
include  development  of  training  standards,  inspector  training  and 
certification  programs,  or  technical  assistance  efforts.    They  might  also 
involve  development  of  interstate  commissions  or  other  organizational 
approaches  to  address  waste  management  issues  common  to  operations  in 
major  geological  regions  {such  as  the  Gulf  Coast,  Appalachia,  or  the 
Southwest).    Such  commissions  might  serve  as  a  forum  for  discussion  of 
regional  waste  management  efforts  and  provide  a  focus  for  development  and 
delivery  of  nonregulatory  programs. 

The  industry  should  explore  the  potential  use  of  waste  minimization, 
recycling,  waste  treatment,  innovative  technologies,  and  materials 
substitution  as  long-term  improvements  in  the  management  of  oil  and  gas 
wastes. 

Although  in  the  near  term  it  appears  that  no  new  technologies  are 
available  for  making  significant  technical  improvements  in  the  management 
of  exempt  wastes  from  oil  and  gas  operations,  over  the  long  term  various 
innovative  technologies  and  practices  may  emerge.    The  industry  should 
explore  the  use  of  innovative  approaches,  which  might  include 
conservation  and  waste  minimization  techniques  for  reducing  generation  of 
drilling  fluid  wastes,  use  of  incineration  or  other  treatment 
technologies,  and  substitution  of  less  toxic  compounds  wherever  possible 
in  oil  and  gas  operations  generally. 
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Damog©  Cases  Report  Form  and  Summary 


Fih  fief*  [WTTT 


yes 

Region  2 


5rste  WV 
Nearest  City  or  Town  Rlploy 
County/Parish  Jackson 


Proof  Gregory       Administrative  j~~Tj    Legs!  \     ~]  SdentlflcAechntes  \      fj      Q~r,o  U  yes 

Description  of  Cperatlon 


Production  A  ea  Appalachian  Baaln 
Production  T\pe  Gas 
Production  Cat&gvry  Development 


Description  of 
Operation 


(basin,  region, etc.) 

(oil,  gas,  injection  well,  etc.) 

(expbrsibn,  development, 
production,  or  other) 


In  1 982  Kaiser  Gas  Co.  drilled  a  gas  well  on  the  property  of  Mr.  James  Parsons,  The  well  was  fractured  using  a 
typical  fracturing  fluid  or  §el.  The  residual  fracturing  fluid  migrated  into  Mr.  Parson's  water  well,  drilled  to  a 
doplh  of  41 6ft.  (The  gas  well  is  located  less  than  1000  ft.  from  the  water  well.)  By  1984,  the  water  wall  was  unfit 
for  domestic  usa  snd  an  aitumate  source  of  water  had  to  b«  sound. 


Description  of  Waste  and  Damage 
Ps&hw&y  of  Contamination      (yon/no)    Ground  Water  lyes 


Surf.  WaterY 


Son 


Damage  Source  gas  woll 
Extent 

Waste  Stream  fracturing  fluid  or  gel 


Waste  Analysis  Wei!  wafer  was  analyzed  and  found  to  contain  high  leveis  of  fluoride,  sodium,  iron, 

manganese.  The  water  had  a  hydrocarbon  odor  indicating  the  presence  of  gas.  Dark 
and  light  „  >iatinous  material  (fracturing  fluid),  was  found  along  with  while  fibers. 


(reserve,  holding  or 

we!!,  bsttery;  spM; 
injeciion  well; 
bfowdown,  etc.) 

(mud,  brine, 
produced  water, 
workover  fluid, 
free  fiuid,  etc.) 

(desenbe  nature 
of  available 
analysis,  cite 
key  numbers  if 
available) 
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Date  of  1982 
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Duration  Approximately  12  hours 
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Human  Health  j  yds 


Dmago  When  fracturing  the  Kaiser  gas  wall  on  Mr.  Jamas  Parson's  property,  fractures  wore  created  allowing  migration 
Description   of  fracture  fluid  from  tho  gas  well  to  Mr.  Parson's  water  well.  This  fracture  fluid,  along  with  natural  gas  was 

present  In  Mr.  Parson's  wator  rendering  It  unusable,  Trio  contamination  has  since  passed  through  the  water  well, 
but  is  still  contained  In  the  groundwater. 


Violations  State  Regs. 


•No  1»Yd3)  at  time  of  damage 


Compfiance    No  apparent  compliance  issues  -  no  laws  dictating  proximity  of  oil  and  gas  wells  to  water  wells  -  no  maximum 
issuBS    pressure  dictated  for  fracturing  oil  and  gas  wells. 


Documentation   Three  lab  reports  containing  analysis  of  water  well.  Letter  from  J.  E.  Rosencranca,  Environmental  Health 
Services  Lab,  to  P.  E,  Merritt,  Sanitarian,  Jackson  County.  Letter  from  P.  R.  Merrftt  to  J.  E.  Rosencrance 
requesting  analysis.  Letter  from  M.  W.  Lewis,  Office  of  Oil  and  Gas  to  James  Parsons  staling  state  cannot  help 
in  recovering  axpenses  -  must  file  civil  suit.  Water  well  inspection  report  -  complaint.  Sample  report  forms. 
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West  Virginia  Department  of  Mines 
Office  of  Oil  and  Gas 

Water  Well  Inspection  Report 


Date: 


County : 


■  V- 


Property  Owner:_ 


District;  J^^kl!  

Phone : 


Watershed:  |Q\TT 


\ 

Date  problem  was  first  detected:  V(\r.  toVs  ~  £\<TK-'\      \H  8  M 
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Is  water  quality  data  available  from  before  water  problems  occurred,    Vp,  <> 


Has  analysis  been  made  after  problem  occurred.  \s\ 


What  is  the  suspected  cause  of  water  problems;   Vsfk'x  S  *pyr~ 


1  Ik   


Listing  of  wells  within  1000  feet  of  water  well._ 
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FINAL  INSPECTION  REPORT 
INSPECTORS  COMPLIANCE  REPORT 
August  7,  V985 

COMPANY    Raiser  Exploration  &  Mining  Co,  PERMIT  NO 


rvvtStON  OF  OIV.  &  GAS 
q£  PART  MEN  T  Of  ENERGY 


'^35-1  746-FRAC       (  3-29-85) 


Ravenswood ,   WesC  Virginia  26164 


FARM  &  WELL  NO   J a 


DIST.  &  CdUNTY  Ripley/Jackson 


DKSCK  [PTTON. 


Rn.r  *  

2  3  .  Ob  Noclf  ication  Prior  to  S  car c  ing  Work. 

25.0^  Prepared  before  Drilling  to  Prevent  Waste 

25.03  High-Pressure  Drilling 

16.01  Required  Permits  at  Wellsite 

15.03  Adequate  Fresh  Water  Casing 

15.02  Adequate  Coal  Casing 

15.01  Adequate  Production  Casing  ' 

15.04  Adequate  Cement  Strength 

15.05  Cement  Type 

2  3.02  Maintained  Access  Roads 

25.01  Necessary  Equipment  to  Prevent  Waste 

2  3.04  Reclaimed  Drilling  Pits  , 

23. OS  No  Surface  or  Underground  Pollution 

2  3.07  Requirements   for  Product!  on  &  Gathering  Pipeline 

lb. 01  Well  Records  on  Site 

lb. 02  Well  Records  Filed 

7.05  identification  Markings 


IN  COMPLIANCE 
YES  NO 


L  HAVE   INSPECTED  THE  ABOVE  CAPTIONED  WELL  AND  RECOMMEND  THAT"  IT  BE  RELEASED: 


SIGNED 
DATE 


IJJJ, 


Xiiax. 


Your  wt:  1  1   record  was   received  and   reclamation   requirements   approved.    In  accordance 
with  Chap  ce  r  .22 ,  Article  4,  Section  2,   the  above  well  will  remain  under  bond 
coverage  for  c he  life  of  the  well. 


Director,  Division  of  Oil  &  Gas 
 September  4  ,    198  5  ■ 
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PARTIAL  +  OIL 
EW-116 


WEST  VIRGINIA  STATE  HEALTH  DEPARTMENT 
WATER  ANALYSIS  REPORT  -  INORGANICS 
ENVIRONMENTAL  HEALTH  SERVICES  LABORATORY 


MOV,  2.5  1935 


WATER  SUPPLY 


James  Parson 


COUNTY 


Jackson 


ADDRESS    Spe"Cer  Road'  Rte-  1 


852143 


RiDlev,  WV 


ZIP 


25271 


POINT  OF  COLLECTION   

,c.      Well  (drilled) 


outside  taD 


LABORATORY  NUMBER 

DATE  OF  ANALYSIS  

COLLECTED  BY    Pen^  Herri tt,  San.  IV 


DEC.  O  4  1385 


SOURCE 


FINISHED  WATER      tU  RAW  WATER  DO 

PRIMARY  CONTAMINANTS  (mg/1)  &  TURBIDITY  1 


DATE  OF  COLLECTION  November  25,  1985 
TIME  OF  COLLECTION 


SECONDARY  STANDARDS  (mg/1 ) 


Arsenic  (0.05) 
Barium  (1.0) 

Cadmium  (0.01) 
Chromium  (0.05) 
Lead  (0.05) 
Mercury  (0.002) 

Fluoride  (1.0  optimum) 
Turbidity  (1.0  NTU) 

Selenium  (0.01) 
Silver  (0.05) 
Nitrate  (As  N)  (10) 


TT 
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Chloride  (250.0) 
Copper  (1.0) 

Iron  (0.3) 
Manganese  (0.05) 
Phenols  .(0.001) 
Sulfate  (250.0) 

TDS  (500.0) 

Zinc  (5.0) 

Color  (15.0  units ] 

Odor  (3.0  units) 

Hydrogen  Sulfide  (0.05) 

Methylene  Blue  Active  Substance 
(foaming  agents)    (0.5)  £" 

MISCELLANEOUS  PARAMETERS  ' (mg/1 ) 
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Alkalinity  (PHTH)  (As  C ACQ 3) 
Alkalinity  (M.O.)  (As  CACO3) 
Hardness  (A  CACO3) 

pH  (units) 
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Cal cium 
Magnesium 

Sodium 


cnum 
crijj.r 


CHEMISTS  Rosencrance-Stratton -Hayes -Kee-Masin-Haynes-Coffman 

Environmental  Health  Services  Laboratory 
151  11th  Avenue,  South  Charleston,  WV  25303 
(304)  348-0197 


Maximum  contaminant  levels  shown  in  parenthesis 


PARTIAL  &  ODOR 
EW-116 


WEST  VIRGINIA  STATE  HEALTH  DEPARTMENT 
WATER  ANALYSIS  REPORT  -  INORGANICS 
ENVIRONMENTAL  HEALTH  SERVICES  LABORATORY 


RECEIVED 

&3V.  Health  S«rv?^.„ 
Wafor  Lab 
SEP.  1  8  1334 


WATER  SUPPLY 
ADDRESS 


James  Parsons 


COUNTY 


Jackson 


Rte.  4    Box  67 


Ripley,  WV 
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Selenium  (0.01) 
Silver  (0.05) 
Nitrate  (As  N)  (10) 
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Microscopic  examination  reveals  large  glossy  gelatinous  masses  indicative  of  a  gel. 
There  were  numerous  rod  shaped  particle  orient  which  were  not  readily  distinguish; 


as  a  nuisance  bacterial  growth .    They  odor  is  of  a  putrefying  description.  JER 

CHEMISTS  Rosencrance-Stratton-Hayes-Kee-Masin-Haynes-Coffm 


Environmental  Health  Services  Laboratory 
151  11th  Avenue,  South  Charleston,  W¥  25303 
(304)  348-0197 


Maximum  contaminant  levels  shown  in  parenthesis 


PARTIAL 


EW-116 

WATER  SUPPLY  James  Parsons 
ADDRESS 


WEST  VIRGINIA  STATE  HEALTH  DEPARTMENT 
WATER  ANALYSIS  REPORT  -  INORGANICS 
ENVIRONMENTAL  HEALTH  SERVICES  LABORATORY 


REC&V8L 
Cnv.  Healfh  Sc.--, . 
Water  U-b 
AUS.  3  1  1984 


COUNTY  Jackson 


Rt  4    Box  67 


Ripley,  WV        ZIp  25271 


LABORATORY  NUMBER   

DATE  OF  ANALYSIS  SEP.  , 


841420 


1  S  1984 


POINT  OF  COLLECTION  Off  Top  of  Well 
SOURCE:  Drilled  Well  


FINISHED  WATER 
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RAW  WATER 


COLLECTED  BY  Mike  Lewis,  Eng 
DATE  OF  COLLECTION  8-31-84 
TIME  OF  COLLECTION 


PRIMARY  CONTAMINANTS  (mg/D  &  TURBIDITY 


Arsenic  (0.05) 
Barium  (1.0) 

^Cadmium  (0.01) 
Chromium  (0.05) 
Lead  (0.05) 
Mercury  (0.002) 

Fluoride  (1.0  optimum) 
Turbidity  (1.0  NTU) 
Selenium  (0.01) 
Silver  (0.05) 
Nitrate  (As  N)  (10) 
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SECONDARY  STANDARDS  (mg/1) 

Chloride  (250.0) 
Copper  (1.0) 
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Manganese  (0.05) 
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Alkalinity  (PHTH)  (As  CAC03) 
Alkalinity  (M.O.)  (As  CACO3) 
Hardness  (A  CACO3) 

pH  (units) 


MISCELLANEOUS  PARAMETERS,  (mg/Tj 

Cyanide  (0.2) 
Calcium 
Magnesium 

Sodium 


Phenols  (0.001) 
Sulfate  (250.0) 

TDS  (500.0) 
Zinc  (5.0) 
Color  (15.0  units x 
Odor  (3.0  units) 
Hydrogen  Sulfide  (0.05) 
Methylene  Blue  Active  Substance 
(foaming  agents)  (0.5) 
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Environmental  Health  Services  Laboratory 
V//  151  Hth  Avenue,  South  Charleston,  WV  25303 
/;/  (304)  348-0197 


1  ^ 
Maximum  contaminant  levels  shown  in  parenthesi 


PARTIAL &QD0R 
EW-116 


WEST  VIRGINIA  STATE  HEALTH  DEPARTMENT 
MATER  ANALYSIS  REPORT  -  INORGANICS 
ENVIRONMENTAL  HEALTH  SERVICES  LABORATORY 


R£CEIV£D 

WaSaw  Ufa 

1  S  1984 


James  Parsons 


WATER  SUPPLY  _ 

Rte.  4    Box  67 


COUNTY 


Jackson 


ADDRESS 


LABORATORY  NUMBER 


Ripley,  WV 


ZIP 


DATE  OF  ANALYSIS  SEP-  2  4  1984 


POINT  OF  COLLECTION  _ 

cnrnrr  drilled  well 
SOURCE: 


COLLECTED  BY   Perr^  "erritt,  Dir.  Eng. 


FINISHED  WATER  RAW  WATER 

PRIMARY  CONTAMINANTS  (mg/P  |  TURBIDITY  1 

"Odor:    Gas?  Sulphur?" 
Arsenic  (0.05) 
Barium  (1.0) 


DATE  OF  COLLECTION  Sept-  11  >  1984 
TIME  OF  COLLECTION 


Cadmium  (0.01) 
Chromium  (0.05) 
Lead  (0.05) 
Mercury  (0.002) 

Fluoride  (1.0  optimum) 
Turbidity  (1.0  NTU) 
Selenium  (0.01) 
Silver  (0.05) 
Nitrate  (As  N)  (10) 
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Chloride  (250.0) 
Copper  (1.0) 
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TDS  (500.0) 

Zinc  (5.0) 
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CHEMISTS  Rosencrance-Stratton-Hayes-Kee-Masin-Haynes-Coffrr 

Environmental  Health  Services  Laboratory 
151  11th  Avenue,  South  Charleston,  WV  25303 
(304)  348-0197 


Maximum  contaminant  levels  shown  in  parenthesis 


PARTIAL 
EW-116 


WEST  VIRGINIA  STATE  HEALTH  DEPARTMENT 
WATER  ANALYSIS  REPORT  -  INORGANICS 
ENVIRONMENTAL  HEALTH  SERVICES  LABORATORY 


Health  Series 
Wafer  Lab 
NOV.  2  6  iaa4 


WATER  SUPPLY  James  Parson 
ADDRESS      Ripley,  WV 


COUNTY 


Jackson 


ZIP 


LABORATORY  NUMBER 
DATE  OF  ANALYSIS 


M2. 


UOV.  3  o  1384 


POINT  OF  COLLECTION  of  spigot  

SOURCE:  Wel1  

FINISHED  WATER  RAW  WATER  LJL4 

PRIMARY  CONTAMINANTS  (mg/1)  &  TURBIDITY  1 


COLLECTED  BY  Perry  Merritt,  Dir.  Env.  Hea 
DATE  OF  COLLECTION     November,  23,  1984 

TIME  OF  COLLECTION   

SECONDARY  STANDARDS  (mg/1 ) 


Arsenic  (0.05) 
Barium  (1.0) 

Cadmium  (0.01) 
Chromium  (0.05) 
Lead  (0.05) 
Mercury  (0.002) 

Fluoride  (1.0  optimum) 
Turbidity  (1.0  NTU) 
Selenium  (0.01) 
Silver  (0.05) 
Nitrate  (As  N)  (10) 
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Chloride  (250.0) 
Copper  (1.0) 

Iron  (0.3) 
Manganese  (0.05) 
Phenols  (0.001) 
Sulfate  (250.0) 
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Color  (15.0  units x 
Odor  (3.0  units) 
Hydrogen  Sulfide  (0.05) 
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CHEMISTS  Rosenrranrp-St.rat.t.nn-Hayps-Kpp-Masin-Haynps-Cnffm 

Environmental  Health  Services  Laboratory 
151  11th  Avenue,  South  Charleston,  WV  25303 
(304)  348-0197 

Maximum  contaminant  levels  shown  in  parenthesis 


4^%,  hj  B84 


Governor 


L.  Clark  Hansbarger,  M.D. 

John  D.  Rockefeller  IV  IA'J^P^^/+I  Director 


rtate  nf  -Pest  Virginia 


DEPARTMENT  OF  HEALTH 

CHARLESTON  25305 


November  8,  1984 


Perry  R.  Merritt,  Sanitarian  IV 
•Jackson  County  Health  Department 
Environmental  Health  Section 
Ripley,  West  Virginia  25271 

Dear  Mr.  Merritt: 

Your  letter  of  November  5,  1984  with  reference  to  the  three  samples 
taken  from  the  water  supply  of  Mr.  James  Parsons,  Ripley,  West  Virginia 
has  been  received. 

An  evaluation  of  the  three  reports  (copies  enclosed)  would  indicate 
that  this  water  supply  is  contaminated  from  a  chemical  point  of  view 
which  may  have  resulted  from  oil  and  gas  drilling  operations  in  the  vicinity 

of  the  Parsons  water  supply. 

It  is  not  unusual  to  find  high  alkalinity,  high  fluoride,  high  sodium 
and  high  total  dissolved  solids  in  the  undergrouna  water  in  that  particular 
area  of  Jackson  County,  but  is  would  be  unusual  to  find  the  9^  atinous^ 
material  which  we  isolated  unless  it  had  been  used  by  the  dril  1 hngjndiKtry . 

The  laboratory  is  not  familiar  with  the  chemical  charac     -istics  ■  f 

"thf'S'  •'WsTl    DF0¥TD;LrS   to  th;a-  c^frnTcc    anal  V7fiH   in  AuOifSt  HUd  SeOtSFIlber 

of  1984/  1     "*         ^  '  "  ~    '  ~" 


At  this  time,  there  is  no  home  type  treatment  that  would  remove  the 
objectional  materials  that  have  been  found  in  this  water  supply.    Any  attempt 
to  filter  the  water  would  be  futile  since  the  gelationous  material  would  / 
clog  the  filter  in  a  very  short  period  of  ti me .    Such  things  as  sodium,  / 
fluoride,  high  alkalinities  and  extraneous  materials  are  not  easily  removed 
in  home  type  supplies,    A  new  source  of  water  is  sjmggest^  for  the  Parsons 
residence,  /-j  ^        /  / 

\  /  Very  troty  ypufs, 

cc:    Don  Kuntz,  En  v.  Eng.  Div  /P  James  E,  Rosepcrance,  M.S. ,  Chief 

Mike  Lewis,  Dept,  of  Mines        U    Environmental  Health  Services  Lab 
Oil  &  Gas  - 

Enclosures:  3 


'  OFFICE  OF  ENVIRONMENTAL  HEALTH  SERVICES 

1800  WASHINGTON  STREET,  EAST  CHARLESTON,  WEST  VIRGINIA  25305  TELEPHONE  (304)  348-2981 


Arch  A.  Moore,  Jr. 
Governor 


L.  Clark  Hansbarger,  M.D. 
Director 


Btutt  nf  Wmt  Utrgima 

DEPARTMENT  Of  HEALTH 

April  3,  1985 


Mr.  James  Parsons 

Route  #4,  Box  67 

Ripley,  West  Virginia  25271 


Dear  Mr.  Parsons: 

This  letter  will  follow  up  my  telephone  conversation  with 
Mrs.  Parsons  on  this  date  relative  to  the  problem  with  water 
quality  at  your  residence. 

Enclosed  are  copies  of  our  laboratory  reports  841516,  841517, 
841420  and  841842  which  were  completed  by  the  Environmental  Health 
Services  Laboratory  in  July,  August,  September  and  November  of  1984. 
These  samples  showed  various  chemical  characteristics  which  indicated 
pollutants  were  entering  your  water  supply  and  causing  conditions 
which  made  the  water  unsatisfactory  for  household  use.    It  is  our 
understanding  that  a  gas  well  was  fractured  within  600  feet  of  your 
water  well  and  may  be  involved  with  the  pollutants  found  in  the  water. 

There  are  no  funds  or  programs  available  within  the  State  of  West 
Virginia  which  would  financially  assist  you  in  correcting  the  pollution 
problem  with  your  well  water.    The  superfund  program  administered  by  the 
Environmental  Protection  Agency  is  restricted  on  any  assistance  which 
they  may  provide  relative  to  oil  and  gas  drilling  operations  affecting 
the  water  quality  of  your  well .    However,  you  may  desire  to  pursue  this 
matter  on  your  own  in  an  effort  to  have  the  gas  drill ing  operators  res- 
ponsible for  the  contamination  to  develop  you  a  new  source  of  water. 
You  may  use  the  laboratory  reports  as  evidence^  of  our  findings  at  the 
time  the  water  samples  were  submitted  to  the 4 lab,  and  our  advice  at  that 
time  that  the  water  was  unsatisfactory  for  household  use. 

Your  recent  information  has  indicated  that  after  cleaning  the  well 
and  pull  ing  the  pump  for  servicing,  the  water  quality  has  improved  but^ 
is  not  used  for  drinking  and  cooking  purposes. 


If  we  can  be  of  any  further  service  to  you 
matter  pi  ease  contact  us.  / 


lards  to  this/ 


cc:    Perry  Merritt,  R.S. 

Jackson  County  Health  Dept. 


is  E.  Rosencrance,  M.S. ,  Chief 
ivironmental  Health  Services  Lab 


IN  THE  CIRCUIT  COURT  OF  JACKSON  COUNTY,  WEST  VIRGINIA  r?i 

—  o  o? 


JAMES  0.  PARSONS,  and 

H.  RUTH  PARSONS,  his  wife,  " 

Plaintiffs, 

v.  CIVIL  ACTION  NO.  jkdL^ll 

KAISER  EXPLORATION  h  MINING 
COMPANY, 

Defendants. 

COMPLAINT 

Comes  now  the  plaintiffs,  by  their  counsel,  Robert  Q.  Sayre, 
Jr.,  and  Goodwin  &  Goodwin,  and  file  this  Complaint  which  states  as 
follows: 

I 

1.  James  0.  Parsons ,  and  N.  Ruth  Parsons,  his  wife,  are  the 
owners  of  the  surface  and  minerals  of  an  85  acre  tract  of  land  situate 
in  Ripley  District  of  Jackson  County,  West  Virginia,  upon  which  they 
reside. 

2.  Kaiser  Exploration  and  Mining  Company  (hereafter  referred 
to  as  "Kaiser") ,  is  a  corporation  organized  pursuant  to  the  laws  of  the 
State  of  Delaware;  has  its  principal  place  of  business  in  Ravenswood, 
Jackson  County ,  in  the  State  of  West  Virginia;  and  is  authorized  to  do 
business  In  the  State  of  West  Virginia. 

3.  In  the  fall  of  1967,  the  plaintiffs  caused  a  water  well 
to  be  drilled  on  said  85  acre  tract  to  furnish  water  for  drinking , 
cooking,     and    other    domestic    uses.      Said    water    well    was  drilled 


approximately  400  feet  deep  and  was  lined  with  steel  casing,  at  great 
personal  expense  to  the  plaintiffs. 

4.  At  the  time  the  water  well  was  drilled,  and  for  several 
years  thereafter,  the  water  was  clean,  safe  and  good  tasting,  clear  and 
free  of  other  problems  up  to  the  time  in  which  the  defendants  oil  and 
gas  operations  began* 

5*  On  the  25th  day  of  August,  1981,  plaintiffs,  James  0, 
Parsons  and  N.  Ruth  Parsons,  his  wife,  as  lessors,  executed  a  lease 
agreement  with  the  defendant,  Kaiser,  as  lessee,  which  granted  the 
defendant  the  right  to  produce  oil  and  gas  on  said  85  acre  tract  for 
three  years  or  as  long  thereafter  as  production  continues,  such  lease 
agreement  to  be  found  recorded  in  the  Office  of  the  County  Clerk  of 
Jackson  County  in  Lease  Book  164,  at  page  287* 

6.  In  or  about  September  of  1982,  the  defendant  drilled  an 
oil  and  gas  production  well  on  said  85  acre  tract,  and  sometime 
thereafter  fractured  said  well. 

7.  Said  well  was  assigned  the  name  of  "REM  244  Parsons"* 

8.  The  well  drilled  by  the  defendant  around  September  1982 
on  the  said  85  acre  tract  was  within  1000  feet  of  said  water  well  of  the 
plaintiff So 

9.  Shortly  after  the  drilling  of  the  aforesaid  oil  and  gas 
well,  the  plaintiffs  began  to  experience  considerable  problems  with 
their  water  supply,  and  the  same  has  become  contaminated  and  unfit  for 
household  or  other  uses0 

10.  Said  contamination  was  caused  by  the  defendants 
activities  in  drilling  a  well  within  1000  feet  of  the  plaintiffs  water 
well,  in  fracturing  said  well,  or  in  otherwise  operating  said  well. 


11.  The  plaintiffs  have  been  advised  by  the  Department  of 
Health  that  no  treatment  or  process  will  solve  their  problem  of 
contamination  and  that  a  new  water  source  will  have  to  be  found  to 
safely  supply  water  to  the  plaintiffs  home, 

12.  As  a  direct  result  of  defendants  aforesaid  oil  and  gas 
exploration  and  activities,  plaintiffs  have  had  to  go  through 
considerable  inconvenience  to  carry  water  to  their  home  for  cooking  and 
drinking,  have  had  their  normal  lifestyles  interrupted,  and  have 
suffered  humiliation  in  being  required  to  bathe  in  contaminated  water 
and  have  worried  about  the  possible  side  effects  to  their  health. 

13.  Plaintiffs1  water  well  is  permanently  damaged  due  to  the 
drilling,  fracturing,  and  operation  of  the  aforesaid  oil  and  gas  well  by 
the  defendant  within  1000  feet  of  their  water  well  and  by  virtue  of  West 
Virginia  Code  §  22-4-19  defendants  are  liable  to  plaintiffs  for  damages 
the  plaintiffs  have  incurred  as  a  result  of  the  aforesaid  activities. 

14.  Plaintiffs'  water  well  is  permanently  damaged  due  to  the 
negligent  drilling,  fracturing,  and  operation  of  the  aforesaid  oil  and 
gas  well  by  the  defendant  within  1000  feet  of  their  water  well. 

15.  Despite  repeated  requests,  defendants  have  failed  to 
ameliorate  such  damage  or  to  assist  plaintiffs  in  locating  a  new  source 
of  safe  water. 

16.  Besides  permanent  damages  to  the  water  well,  plaintiffs 
have  suffered  great  expense  and  inconvenience  in  obtaining  water  for 
drinking  and  cooking  by  carrying  same,  and  will  have  locate,  drill  and 
pump  a  new  and  deeper  well,  if  possible,  or  have  water  pumped  from  an 
external  source.     Plaintiffs  has  also  suffered  damage  to  their  property 


as  a  result  of  it  diminution  in  value  because  of  the  lack  of  a  potable 
water  supply. 


$50,000,00  in  compensatory  damages  for  property  damage  to  plaintiffs 
water  well,  including  the  costs  in  time  and  money  for  the  inconvenience 
and  loss  of  use  of  their  water  well,  for  obtaining  water  while  a  new 
source  of  usable  water  is  located,  for  locating  and  producing  a  clean 
and  reliable  new  source  of  water,  and  such  other  monies  as  may  be 
necessary  to  fully  compensate  the  plaintiffs  for  the  damages  they  have 
incurred  as  a  direct  result  of  the  defendant's  actions  as  described 
herein.  Plaintiff  prays  for  any  other  such  relief  which  may  be 
appropriate  to  serve  the  interests  of  justice. 


WHEREFORE,     plaintiff    prays    that    they    should    be  awarded 


Plaintiff  demands  a  trial  by  jury. 


JAMES  0*  PARSONS  and  N.  RUTH  PARSONS 


By  Counsel 


GOODWIN  &  GODWIN 
1500  One  Valley  Square 
Charleston,  West  Virginia  25301 


IN  THE  CIRCUIT  COURT  OF  JACKSON  COUNTY,  WEST  VIRGINIA 


JAMES  O.  PARSONS ,  and 

N.  RUTH  PARSONS,  his  wife, 


Plaintiffs, 


v. 


CIVIL  ACTION  NO.  86-C-31 


KAISER  EXPLORATION  & 
MINING  COMPANY  , 


Defendant. 


ANSWER 


Defendant     Kaiser     Exploration      and     Mining  CompS.ny 
("Kaiser")   for  answer  to  the  Complaint  herein,  says  as  follows: 

FIRST  DEFENSE 

Plaintiffs 1  Complaint  is  barred  by  the  two  year  statute 

of    limitations    applicable    to    claims     for    property    damage  or 

personal  injuries  pursuant  to  W.  Va»  Code  §55-2-12 (a)   and   (b) . 

SECOND  DEFENSE 

1 .  Kaiser  is  without  information  or  knowledge  suffi- 
cient to  form  a  belief  regarding  the  truth  of  the  allegations 
contained  within  Paragraph  Nos .  1 ,  3  and  4  of  the  Complaint,  and 
therefore  denies  same . 

2 .  Kaiser  admits  the  allegations  contained  in  Para- 
graph No.   2  of  the  Complaint. 

3*  Kaiser  admits  the  allegations  contained  in  Para- 
graph Nos .  5 ,  6 ,  7  and  8  of  the  Complaint* 


4 .  Kaiser  is  without  knowledge  or  information  suffi- 
cient to  form  a  belief  regarding  the  truth  of  the  allegations 
contained  in  Paragraph  No*  9  of  the  Complaint  and  therefore 
denies  same. 

5 •  Kaiser  denies  each  and  every  allegation  contained 
in  Paragraph  No.  10  of  the  Complaint. 

6.  Kaiser  is  without  knowledge  or  information  suffi- 
cient to  form  a  belief  regarding  the  truth  of  the  allegations 
contained  in  Paragraph  No.  11  of  the  Complaint ,  and  therefore 
denies  same. 

7.  Kaiser  denies  each  and  every  allegation  contained 
within  Paragraph  Nos.  12 ,  13  and  14  of  the  Complaint. 

8.  With  respect  to  Paragraph  No.  15  of  the  Complaint r 
Kaiser   admits   that  the  plaintiffs   have  made   certain  demands  of 

the  defendant,  but  Kaiser  denies  each  and  every  allegation  of  the 

paragraph  to  the  extent  that  it  implies  or  infers  that  the 
defendant  is  in  any  way  liable  to  the  plaintiffs ,  or  that  the 
defendant  has  or  had  any  duty  to  ameliorate  any  alleged  damage  or 
to  assist  plaintiffs  in  locating  a  new  source  of  safe  water . 

9 .  With  respect  to  Paragraph  No.  16  of  the  Complaint, 
Kaiser  is  without  knowledge  or  information  sufficient  to  form  a 
belief  regarding  whether  the  plaintiffs  have  suffered  great 
expense  and  inconvenience  or  suffered  damage  as  alleged  in  said 
paragraph,  and  in  any  event f  denies  said  paragraph  to  the  extent 
that  it  implies  and  infers  that  any  such  alleged  damages  or 
injuries  are  in  any  way  the  liability  or  fault  of  Kaiser. 
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THIRD  DEFENSE 

Kaiser  denies  the  applicability  of  W .  Va,  Code 
§22-4-19 ,  and  further  denies  that  it  is  liable  in  any  manner  to 
the  plaintiffs  by  operation  of  statute,  common  lawf  or  otherwise, 

FOURTH  DEFENSE 
The  Complaint  fails  to  state  a  claim  upon  which  relief 
may  be  granted. 

WHEREFORE ,  the  defendant  Kaiser  Exploration  and  Mining 
Company  having  answered  the  Complaint  and  denying  all  liability, 
demands  a  judgment  be  entered  in  behalf  of  the  defendant  Kaiser 
Exploration  and  Mining  Company,  and  that  it  be  awarded  all  costs 
and  attorneys 1  fees  expended  in  defense  of  this  action,  and  such 
other  and  further  relief  as  the  Court  may  deem  appropriate. 

KAISER  EXPLORATION  AND  MINING 
COMPANY 

By  Counsel 


ROBINSON  &  McELWEE 


600  United  Center 
Post  Office  Box  1791 
Charleston,  West  Virginia  25326 
(304)  344-5800 
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CERTIFICATE  OP  SERVICE 


I,  Timothy  M.  Miller /  counsel  for  the  defendant,  hereby 
certify  that  on  this  day  of  January,  1987,  I  served  a  true 

copy  of  the  foregoing  ANSWER  upon  plaintiffs1  counsel  of  record, 
by  hand  delivery  or  mailing  of  a  true  copy  thereof  addressed  to 
Robert  Q -  Sayre,  Jr.,  Esquire,  Goodwin  &  Goodwin,  1500  One  Valley 
Square,  Charleston,  West  Virginia  25301. 

Timothy  /A.  Miller 
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Research  and  Development  Laboratory 


6920-36tt»  STREET  S.E.  CALGARY.  CANADA  T2C2G4  TELEPHONE  {403)  279-8841 


K  IE  M  GbS 
Re: 

Kern  244  Parsons 
Contamination  Analysis 


Nowsco  Representative 
Orville  Atchison 


NOWSCO 


v 


March  11,  1985 
NRD  -  85-202 


Research  and  Development  Laboratory 


Well  Service  Ltd. 


6920-36th  STREET  S.E.  CALGARY,  CANADA  T2C2G4  TELEPHONE  (403)  279-8841 


LABORATORY 
REPORT" 


Report  No.:  NRD  -  85-202 
Date:    March  11,  1985 


COMPANY:  Kern  Gas 

WELL  NAME:  Kern  244  Parsons 

LOCATION:  Jackson  County,  West  Virginia 

FIELD:  Ripley 


Lab  Sample  No. 
N-5455 


Sample  Descri ption 

water  from  well  1000  feet  away  from 
f raced  well 


The  above  samples  were  analyzed  to  determine  if  any  contamination 
from  frac  water  is  present. 

Composition 

The  above  fluid  sample  was  spun  out  using  a  high  speed  centrifuge 
and  was  found  to  have  the  following  composition. 


Oil       .      .      *      •      •  « 

water  .  »  .  .  » 
sediment    .  .  . 


nil 
100% 
nil 


^jater  Analysis 

The  water  portion  of  the  above  sampl e  was  subjected  to  a  full  water 
analysis.    The  results  of  this  analysis  are  given  in  Attachment  No.l. 
These  results  are  indicative  of  very  fresh  water. 


Bacteria  Analysi s 

The  above  water  sample  was  tested  for  coleform  and  sul fate  reducing 
bacteria.  It  is  reasoned  that  gel  residue,  if  present,  would  provide 
nutrients  to  the  bacteria.  The  results  of  the  three  day  test  were 
negative  in  both  cases. 


-       ^       —    -         —  ■          ^    ^               continued  .  .  . 

NOTICE:  THE  INTENT  OF  THIS  REPORT  IS  TO  PROVIDE  INFORMATION  ON  THE  S  .ES  TESTED.  WHILE  THE  RECOMMENC                    WADE  IN  GOOD  ~  SO 

REASONABLE  EFFORTS  HAVE  BEEN  { ' "  IE  TO  ENSURE  THEIR  RELIAE  ELL  SERVICE  LTD.  ACCEPTS  NO  LIABILITY  FOR  DAMAGE  ARISING  FROM  THE  USE 
OF  THIS  REPORT. 


(2) 


Surface  Tension  Measurements 

Trace  amounts  of  surfactants  in  water  will  significantly  lower  the 
surface  tension  of  the  water.  The  measured  surface  tension  of  the  above 
samples  was  65.7  dynes/ cm  which  is  typical  of  fresh  water  with  no 
surfactants  at  room  temperature. 


Discussion 

From  the  above  analysis,  no  contamination  from  frac  water  is  evident 
in  the  sample  from  the  water  well. 

Please  contact   us   should  you   have  any  questions  regarding  this 
report. 

Yours  truly 

NOWSCO  WELL  SERVICE  LTD. 

R.  K.  Meyer,  B.Sc. 
Lab  Supervisor 

Stimulation  Technical  Services 

RKM/llh 
att. 


ATTACHMENT  No.  1 


WATER  ANALYSIS 


Sample  No.:  N-  5455 


OBSERVED  pH 
8.33  @  22C 


ION:    mg/L  :  MG%  :  meq/L  : 

:I0N  :    mg/L  :  MG%  :  meq/L  :: 

Na  : 

251  : 

23.2: 

11  : 

:C1  : 

350  : 

32.3: 

10  :: 

K  : 

:        1  : 

0.1: 

0  : 

:S04  : 

0  : 

0.0: 

Ca  : 

:        0  : 

0.0: 

0  : 

:HC03: 

•     471  : 

43.5: 

:        8  :: 

Mg 

:        0  : 

:  0.0: 

:        0  : 

:C03  : 

:       10  : 

:  0.9" 

:        0  :: 

Fe 

:  0 

:  0.0 

:         0  : 

:OH 

:  0 

:  0.0 

Mn 

:  0 

:  0.0 

:        0  : 

:  252 

:  23.3 

:       11  : 

:  831 

:  76.7 

:       18  :: 

SPECIFIC  GRAVITY 


1.0020 
015.6C 


2845 
mg/L  NaCl 


REFRACTIVE  INDEX 


1.3331 
9  25C 


582 
mg/L  NaCl 


RESISTIVITY,  ohm/m 


%  10.8 

0  20C  : 


H2S  PRESENT:  NO 

TOTAL  HARDNESS: 
(As  mg/L  CaC03) 


=  :  525 
mg/L  NaCl : 


TOTAL  ALKALINITY: 

(As  mg/L  CaC03) 


402 


CALCULATED  DISSOLVED 

SOLIDS 


1083  mg/L: 


~13CM  i  Laboratory  Division 

 [  Appalachian  Group 


325  Thirteenth  Street,  Dunbar,  W.  Va.  25064 
304:  766-6283 


CLIENT 


KAISER  EXPLORATION  S  MINING  CO 
P.O.   BOX  8 

RAOENSMOODr     WV  26164 
ATTNJ     JOHN  WHITE 


FINAL  REPORT 


07-740455 


11/21/84 


PAGE  1 


This  is  the  filial  report  for  the  simples  shown  below*  If  'Jou  have  Questions 
concern  ins;  this  report  please  call  304-766-6283 » 


:CM  HUHBER 
LIENT  SAMPLE  IB 


iATE  SAMPLED 
lATE  RECEIVED 


M08760 

JAHES  PARS 
0NS 

11/15/84 
11/15/84 


L0MINUM  HG/L 

Alkalinity  (as  caco3>  hg/l 

ALCIUH  HG/L 
HLORIDE  HG/L 

OL IBS* DISSOLVED   (70300)  HG/L 
RON  HG/L 
OTA-SSI  UH  MG/L 
URFACTANTS   (MBAS)  MG/L 
AGNES1UH  MG/L 
iANGANESE  MG/L 


<0.2 

470 

0.64 

10 

560 

<0.Q2 

0*9 

0*02 

0.15 

<0.01 


c3CM  j  Laboratory  Division 

  Appalachian  Group 

325  Thirteenth  Street,  Dunbar,  W.  Va.  25064 
304:  766-6283 


FIHAL  REPORT  ll/2i/B4     PAGE  2 

CLIENT   

;aiser  exploration  t  hihihg  co  07-740455 


3CM  NUMBER  B4O8760 


! 


O0IUH  MG/L  100 

I TRDGEN f   NITRATE  MG/L  0.1 

rURBIDITY  NTU  1*1 

»H  STil  UNIT  8.9 

ULFATE  MG/L  41 

IrOTAL  COLIFORM  C0L/100ML  <1 


*S*END  OF  REPORT*** 
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API  Comments  on 
Preliminary  Draft  Report  to  Congress 
Oil,  Gas  and  Geothermal  Wastes 


General  Comments  &  Questions 


H.  W.  Yates 


Chapter  I 
Chapter  II 
Chapter  III 

Chapter  IV 

Chapter  V 
Chapter  VI 
Chapter  VII 


Introduction 
Description  of  Industry 
Current  and  Alternative  Waste 

Management  Practices 
Damages  Caused  by  Oil  &  Gas 

Operations 
Risk  Assessment 
Costs  and  Impacts 
Current  Regulatory  Programs 


H.  W.  Yates 
B.  D.  Freeman 

B.  D.  Freeman 

H.  W.  Yates 
N.  K.  Springer 
J.  H.  Robins 
M.  T.  Heffner 


GENERAL  COMMENTS  &  QUESTIONS 

API  would  welcome  the  opportunity  to  answer  questions  on  its 
recently  completed  study  or  discuss  its  content  in  any  forum 
of  EPA's  choice. 

How  much  additional  material  (risk,  economics,  damages)  will 
be  included  in  the  Draft  Report?    When  will  it  be  available? 

Has  EPA  management  responsible  for  administration  of 
injection  wells  (Safe  Drinking  Water  Act/UIC)  and  Clean  Water 
Act  (NPDES)  discharges  been  involved  in  assessing  the 
adequacy  of  their  programs?    Does  EPA  believe  these  programs 
are  covered  by  RCRA?    API*s  understanding  of  the  legal 
framework  is  attached. 

Will  the  proposed  TCLP  test  be  used  in  the  Draft  Report  in 
view  of  its  problems  and  reevaluation  (May  18,  1987  Federal 
Register)?    When  will  the  decision  be  made? 

Is  there  any  opportunity  for  API  to  comment  on  the  Draft 
Report  to  Congress  prior  to  the  planned  February-March,  1988, 
public  meetings?    Will  EPA  accept  API  written  comment  on  the 
Draft  Report? 

How  will  EPA  use  the  analyses  of  waste  contained  invXconstitu- 
ents  and  comparisons  to  hazardous  waste  regulatory  limits" in 
the  Draft  Report?    How  do  they  compare  to  API  analyses 
exchanged  with  EPA? 

Will  Chapter  7  information  on  State  and  Federal  Regulations 
information  be  incorporated  into  discussions  of  industry 
practices,  damage  cases  and  health  and  environmental  impacts? 
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API  continues  to  disagree  with  EPA  that  waters  used  in 
additional  recovery  projects  are  wastes  under  RCRA.  API 
believes  they  are  a  necessary  part  of  the  oil  recovery 
process  and  are  therefore  excluded  from  the  definition  of 
solid  waste.    Will  EPA  provide  any  separation  of  impacts  for 
additional  recovery  waters  in  its  analysis? 

API  disagrees  with  the  Draft  Report  "PFS"  concept  and 
believes  the  exemption  is  improperly  redefined  in  the  report. 
Has  EPA  provided  prior  guidance  supporting  this  concept  and 
are  EPA  regions  using  this  interpretation? 

What  use  will  the  Draft  Report  make  of  damage  cases  from 
non-waste  issues  such  as  oil  spills,  Clean  Water  Act 
discharges,  etc? 

Is  there  additional  documentation  regarding  damage  cases  and 
information  contained  in  API  and  state  comments  that  would  be 
useful  to  EPA? 

How  will  enforcement  issues  be  addressed  in  determining  the 
need  for  additional  regulations? 

How  will  the  LLM  model  and  input  parameters  be  qualified  or 
validated  to  ensure  its  results  are  matched  with  actual  field 
observation  and  damage  cases?    Will  the  qualitative  assess- 
ment of  risk  to  environmental  resources  be  verified  against 
field  observations  and  damage  cases? 

Will  LLM  input  parameters  reflect  API  Column  test  data  and 
other  scientific  studies  on  reduced  mobility  and  attenuation 
found  in  reserve  pits? 

Have  the  methodology  and  input  parameters  for  modeling 
releases  from  injection  wells  been  revised  from  the  Interim 
Report  based  on  API  comments? 


How  will  the  significance  of  the  qualitative  determination  of 
risk  to  natural  resources  be  assessed,  and  what  methodology 
will  be  used  to  determine  the  acceptability  of  these 
estimated  risks? 

Why  does  the  Draft  Report  contain  non-hazardous  waste 
management  scenarios  in  the  economic  impact  section?  Why 
does  the  economic  impact  analysis  assume  for  its 
non-hazardous  cases  that  Clean  Water  Act  discharges  (not 
regulated  by  RCRA)  will  not  be  allowed? 

What  costs  are  included  for  industry's  168,000  injection 
wells?    Does  the  cost  model  recognize  that  regulation  of 
these  wells  as  hazardous  waste  wells  would  require  redrilling 
or  modifying  non  Class  I  producing  and  injection  wells  within 
"areas  of  review"? 

How  will  the  economic  analysis  relate  the  21  well  models  to 
industry's  842,000  producing  and  168,000  injection  wells? 
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Legal  Framework  for 
EPA  Study  of  Oil  and 
Gas  Waste  under 
Section  8002 (m)   of  RCRA 


Section  3001(a)   (2)   (A)  exempts  drilling  fluids,  produced 
waters  and  other  oil  and  gas  associated  wastes  from  regula- 
tion as  hazardous  waste  under  Subtitle  C  of  RCRA  until  the 
Section  8002 (m)  study  is  completed,  EPA  determines  such 
regulation  is  necessary  and  any  proposed  regulations  are 
approved  by  Act  of  Congress. 

even  if  EPA  determines  that  the  overall  exemption  should 
be  removed,  it  is  only  authorized  under  Subtitle  c  RCRA 
to  regulate  "hazardous  Wastes."    Consequently,  only 
those  oil  and  gas  materials  which  are  hazardous  wastes 
can  be  regulated  under  Subtitle  C 

under  Section  1004(5)  of  RCRA  a  "hazardous  waste" 
waste  must  be  a  "solid  waste" 

Section  1004(27)  defines  "solid  waste"  to  mean  only 
garbage,  refuse,  sludge  or  "other  discarded 
material" 

produced  water  used  for  enhanced  oil  recovery  operations 
is  an  integral  part  of  the  production  process  -  it  is 
not  "discarded"  and  therefore  it  is  not  a  "solid  waste" 
subject  to  RCRA  regulation 

This  position  was  upheld  by  the  United  States  Court  of 
Appeals  for  the  D.  C.  Circuit  the  week  of  July  27,  1987 
in  American  Mining  Congress  v.  EPA  which  invalidated 
EPA's  attempt  to  regulate  secondary  materials  reused 
with  an  industry's  ongoing  production  process  as  a 
hazardous  waste  under  subtitle  c.    The  court  held  that 
since  such  secondary  materials  resulting  from  primary 
processing  were  not  "discharged"  they  were  not  "solid 


CO 


to  2:2 


<d  c  o  w  n 
rr*  p      —  _j 


CD  0. 


c-t-  CD 


3  n-  =r 
cd  =r  5"  3 

£3  CD  p> 
e+  cjQ 
CD 


O 

o 

73 
> 


O 


LTi 
CD 


waste"  and  therefore  not  covered  by  RCRA.    This  case  is 
directly  on  point  with  respect  to  produced  water  for 
enhanced  oil  recovery. 

Since  produced  water  used  for  enhanced  oil  recovery  is 
not  subject  to  regulation  as  a  "solid  waste"  under  RCRA, 
it  should  be  excluded  from  the  Section  8000 (m)  study 

Section  1003  of  RCRA  provides  that  its  objective  is  to 
protect  human  health  and  environment  from  activities 
involving  solid  waste  activities  -  it  does  not  cover  the 
regulation  of  activities  not  involving  not-solid  wastes 
practices  or  issues  including  the  production  of  crude  oil  or 
the  handling  of  products  etc.  covered  by  such  other  statutes 
such  as  OSHA 

Section  1006  or  RCRA  and  40  CPR  Section  261.4(a)   (2)  exempt 
discharges  subject  to  the  NPDES  program  under  the  Clean  Water 
Act  from  regulation  as  a  solid  waste  under  RCRA.  Conse- 
quently, such  discharges  should  not  be  included  in  the 
Section  8002 (m)  study. 


Chapter  I-Introduction 

API  feels  redefining  the  scope  of  the  exemption  at  this  time 
is  unwarranted.    Any  modifications  of  the  exemption  such  as 
the  proposed  narrowing  (PFS  concept)  would  constitute  a 
regulatory  determination  with  immediate  implications  for 
industry.    See  Chapter  II  comments  for  further  discussion. 

The  description  of  damage  cases  should  recognize  a  number  of 
cases  are  based  on  pending  court  cases  where  facts  have  yet 
to  be  established.    And,  in  other  cases,  the  scientific 
evidence  used  was  provided  by  private  citizens  or  attorneys 
alleging  damage  and  seeking  compensation. 

It  is  noted  that  249  damage  cases  were  referenced  versus  the 
228  that  were  included  in  the  Interim  Report.     If  these 
additional  cases  are  used  for  background  or  risk  assessment 
information,  API  would  appreciate  the  opportunity  to  review 
and  comment  upon  the  additional  cases. 

API  agrees  with  the  logic  that  the  damage  cases  because  they 
are  almost  all  violations  of  current  state  and  federal 
regulations  cannot  be  used  to  demonstrate  adequacy  of  state 
of  federal  enforcement  efforts.    Such  an  investigation  would 
require  significant  additional  effort  to  gather  necessary 
data.    However,  it  is  felt  that  when  the  cases  are  grouped 
into  "damage"  categories  that  they  are  useful  in 
demonstrating  the  extent  of  the  current  regulatory  framework 
present  for  oil  and  gas  wastes.    See  comments  on  Chapter  IV. 

As  described,  the  risk  assessment  modeling  section  is 
intended  to  be  a  screening  procedure  to  indicate  potential 
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concerns  with  management  of  E&P  wastes.     If  the  screening 
model  results  indicate  potential  problem  areas,  what  are 
EPA's  plans  to  more  rigorously  determine  the  actual  levels 
of  risk  to  human  health  and  the  environment? 

API  comments  on  Chapter  V  on  risk  assessment  address  our 
concerns  that  any  risks  predicted  must  be  correlated  or 
validated  against  real  world  occurrences.    Also,  as 
presented  in  API's  comments  on  the  Interim  Report,  API  has 
concerns  with  the  model  used  and  quality  of  selected  input 
data. 

While  useful  information  may  be  gathered  in  the  approach 
proposed  for  the  "Review  of  State  Programs"  Chapter,  it 
should  be  recognized  that  state  and  federal  programs  have 
evolved  based  upon  reacting  to  problems  versus  looking  for 
inconsistencies  and  gaps  in  coverage  between  regulatory 
bodies.    Also,  because  the  purpose  of  this  study  as  mandated 
by  Congress  is  to  determine  if  additional  regulations  are 
warranted,  it  would  be  useful  to  review  the  findings  of  this 
chapter  against  the  damage  cases. 

The  "alternative"  nonhazardous  waste  economic  case  described 
as  "uniform  nationwide  use  of  the  most  up-to-date  and 
effective  controls  now  being  applied  by  any  of  the  states" 
in  effect  applies  the  lowest  common  denominator  approach  to 
regulation  and  does  not  account  for  wide  variations  in 
geographical  and  environmental  situations.     It  would  require 
many  unnecessary  expenditures  that  would  not  result  in 
incremental  environmental  protection. 


CHAPTER  II  -  "DESCRIPTION  OF  INDUSTRY" 


A  summary  of  API  comments  on  this  Chapter  follows: 

EPA's  Chapter  II  reflects  a  fairly  accurate  assessment 
of  industry  operations. 

The  API  data  base  has  been  reviewed  by  academia  (Dr. 
Gordon  Otto,  University  of  Houston)  and  provides 
reasonably  accurate  volumetric  estimates. 

EPA  has  introduced  the  PFS  concept  which  severely  limits 
the  extent  of  the  Congressional  exemption.    API  believes 
redefining  the  exemption  at  this  time  is  unwarranted. 
This  issue  deserves  further  review  and  consideration  by 
the  agency. 

The  report  makes  some  incorrect  statements  in  this  chapter 
about  exploration  and  production  activities.    The  following 
corrections  should  be  made: 

Natural  gas  is  not  used  as  a  gaseous  drilling  fluid. 
API's  previous  comments  addressed  the  dangerous  nature 
of  such  an  operation. 

Oil-based  drilling  fluids  account  for  not  more  than  5% 
(1986  API  Survey)  of  the  total  volume  of  drilling  fluids 
nationwide. 

Crude  oil  treated  with  chemicals  or  skimmed  from  surface 
impoundments  are  recycled,  not  discarded,  similarly, 
oil  stained  soil  and  gravel  are  properly  disposed  of, 
not  discarded. 


The  disposal  of  the  various  wastes  cited  on  page  7 
(conclusions)  are  appropriately  regulated  by  states. 
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A  description  of  industry  wastes  comparing  API  and  EPA  field 
sampling  and  analysis  results  should  be  included  discussing 
the  constituents  of  concern  present  in  the  waste  and  the 
concentrations  at  which  they  occur. 

The  report  makes  the  determination  that  "all  produced  water 
is  solid  waste,  regardless  of  its  end  use  or  disposal 
method."    The  act  defines  solid  waste  as  that  which  is 
discarded. 

Nearly  70%  of  all  produced  or  makeup  waters  utilized  in 
EOR  projects  is  returned  to  an  oil  bearing  formation  and 
consequently  stays  in  a  recycling  mode.    This  produced 
water  is  not  discarded. 

Another  5%  of  all  produced  water  is  designated  as 
"beneficial  use"  as  (as  defined  under  the  Clean  Water 
Act)  and  is  used  for  watering  stock  and  vegetation  and 
is,  therefore,  not  discarded.    This  is  particularly 
relevant  to  the  Rock  Mountain  states. 

In  the  context  of  commingling  waste  streams  in  the  field, 
EPA's  UIC  regulations  address  the  integral  nature  of  gas 
plant  (process)  waste  waters  and  other  waste  streams  such  as 
steam  generator  scrubber  water.    These  streams  are  allowed  to 
be  commingled  prior  to  injection  under  the  Class  II  UIC 
program  providing  they  are  not  classified  as  hazardous  at  the 
time  of  injection. 

The  report  attempts  to  define  the  scope  of  the  current 
exemption  under  §  3001(a)   (2)   (A)  in  Chapter  II. B. 2  "Defini- 
tion of  Exempted  Wastes".    The  attempted  definition  is 
clearly  erroneous  and  fails  to  follow  the  statutory  language 
or  the  legislature  history  of  the  exemption.    Attached  are 
detailed  comments  on  the  proposed  scope  of  the  exemption. 
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Comments  to  Draft  of 
Draft  RTC  -  Chapter  II.B.2, 
"Definition  of  Exempted  Wastes" 


In  attempting  to  define  the  scope  of  wastes  currently  exempt 
under  §3001 (a) (2) (A) ,  EPA  erroneously  relies  on  the  following 
three  "assumptions": 

B       that  "drilling  fluids  and  produced  waters,"  as  well  as 

"other  wastes"  must  be  "intrinsically  derived  from  primary 
field  operations"  to  be  covered  by  the  exemption, 

■  that  only  wastes  injected  into  the  ground  or  extracted  from 
the  ground  are  covered  by  the  exemption,  and 

■  all  produced  water,  regardless  of  whether  it  is  injected  for 
disposal  or  enhanced  recovery  purposes,  are  wastes  and 
therefore  not  covered  by  the  exemption. 

None  of  those  "assumptions"  are  supported  by  §3001 (a) (2) (A)  or 
its  legislative  history.1 

The  express  language  of  §3001(a) (2) (A)  on  its  face  broadly 
defines  the  exemption  to  cover  "drilling  fluids,  produced  waters, 
and  other  wastes  associated  with  the  exploration,  development,  or 
production  of  crude  oil  or  natural  gas."    The  legislative  history 
is  limited  but  is  best  illustrated  by  the  Conference  Report 
submitted  by  the  House  of  Representatives  on  the  1980  RCRA 
Amendments. ^      However,  the  Conference  Report  only  attempts  to 
define  the  scope  of  "other  wastes"  which  it  indicated  had  to  be 
"intrinsically  derived  from  primary  field  operations."  The 
Conference  Report  noted  that  "intrinsically  derived  from  primary 
field  operations"  was  intended  to  distinguish  exploration, 
development  and  production  from  transportation  and  manufacturing. 

In  its  "assumptions"  EPA  erroneously  concluded  that  "drilling 
fluids  and  produced  waters"  was  also  subject  to  the" intrinsically 
derived  from  primary  field  operations"  qualification  for  "other 
wastes."    This  is  not  supported  by  the  language  of  §3001 (a) (2) (A) 
or  the  legislative  history.    EPA  also  erroneously  concluded  that 
the  only  wastes  covered  by  the  exemption  are  those  extracted  from 
the  ground  or  injected  into  the  ground  -  this  conclusion  again  is 


1  The  third  assumption  is  not  addressed  specifically  here  but  is 
subject  to  separate  comments. 

2  H.  Conf.  Rep.  No.  96-1444,  96th  Congress,  reprinted  in  1980 
U.S.  Code  Cong.  +  Adm.  News  5019.    A  copy  of  the  most  relevant 
provisions  are  attached. 
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not  supported  by  the  language  of  the  statute  or  the  legislative 
history. 

Compounding  these  erroneous  conclusions,  EPA  attempts  to  limit 
the  scope  of  the  exemption  to  the  "Primary  Field  Site"  -  a  term 
not  defined  or  discussed  in  the  statute  or  the  legislative 
history.     The  attempt  is  to  artificially  restrict  the  scope  of 
the  exemption  to  the  narrowest  production  entity,  i.e., 
operations  upstream  and  including  a  tank  battery.    The  Agency 
then  concludes  that  any  waste  -  including  produced  water  - 
extracted  outside  of  the  Primary  Field  Site  is  not  covered  by  the 
exemption. 

One  glaring  conflict  with  the  "Primary  Field  Site"  concept  is  it 
restricts  the  exemption  for  produced  waters  to  those  separated  or 
otherwise  removed  at  or  near  the  wellhead.     It  ignores  the  fact 
that  a  significant  amount  of  water  produced  with  gas  may  be 
removed  at  centralized  dehydration  facilities  or  gas  plants 
which,  because  of  economic,  geographic  or  even  environmental 
concerns,  may  not  be  located  on  the  "Primary  Field  Site,"  as 
defined  by  EPA.    This  is  in  clear  conflict  with  §3001(a) (2) (B) 
and  the  legislative  history  which  places  no  geographic  limitation 
of  the  exemption  for  produced  water.    Even  with  "other  wastes," 
the  "Primary  Field  Site"  limitation  is  overly  restrictive.  The 
Agency  failed  to  recognize  that  Congress'  use  of  the  term 
"intrinsically  derived  from  primary  field  operations"  (presumably 
from  where  the  "Primary  Field  Site"  derives)  was  only  intended  to 
distinguish  clearly  "upstream"  functions  involving 
exploration/ development/production  from  "downstream"  functions, 
i.e.,  transportation  to  market  or  manufacturing  (e.g.,  petroleum 
refining) .     It  clearly  was  not  intended  to  geographically 
restrict  the  scope  of  the  exemption. 

The  "assumption"  that  only  wastes  extracted  from  the  ground  or 
injected  into  the  ground  is  covered  by  the  exemption  is  also  not 
supported  by  §3001(a) (2) (A)  or  the  legislative  history.    It  also 
fails  to  recognize  that  many  important  materials  crucial  to 
production  operations  may  not  fit  in  those  categories,  i.e., 
treatment  chemicals,  corrosion  inhibitors,  etc.    This  also 
results  in  the  erroneous  specific  conclusions  that  spent  iron 
sponge,  filters,  etc.  are  not  covered  by  the  exemption. 

Other  conclusions  reached  by  the  Agency  which  are  not  supported 
by  §3001 (a) (2) (A)  or  the  legislative  history  are  as  follows: 

■       the  "uniquely  associated"  requirement  -  particularly 
applied  to  the  possible  relatively  minor  mixture  or 
commingling  of  non-exempt  wastes 
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the  implicit  assumption  that  all  gas  plants  wastes  are  not 
covered  by  the  exemption  because  they  are  not  located  on  the 
Primary  Field  Site  or  are  incorrectly  viewed  as  resulting 
from  a  manufacturing  operation 
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The  term  'other  wastes  associated1  is  spe- 
cifically included  to  designate  waste  materi- 
al intrinsically  derived  from  the  primary 
field  operations  associated  with  the  explora- 
tion, development,  or  production  of  crude 
oil,  natural  gas,  or  geothermal  energy.  It 
would  cover  such  substances  as :  Hydrocarbon 
bearing  soil  in  and  around  the  related 
facilities;  drill  cuttings;  materials  (such 
as  hydrocarbon ,  water ,  sand ,  and  emulsion) 
produced  from  a  well  in  conjunction  with 
crude  oil,  natural  gas,  or  geothermal  energy; 
and  the  accumulated  material  (such  as  hydro- 
carbon ,  water ,  sand ,  and  emulsion)  from 
production  separators,  fluid  treating  ves- 
sels, storage  vessels  and  production  impound- 
ments. 

The  phrase  9 intrinsically  derived  from  the 
primary  field  operations  ... 9  is  intended 
to  differentiate  exploration ,  development , 
and  production  operations  from  transportation 
(from  the  point  of  custody  transfer  or  of 
production  separation  and  dehydration)  and 
manufacturing  operations. 


ro  c  o  w  o| 

5  EL  2*-  £"  -H  ■ 
^  d-'J  »  ol 
-»,*<  -   w  rn| 

S  ^  —  »  ~*  I 

3   r+  3"  ; 


ATTACHMENT 


CD 
=5  CD 


CO 


3 
p> 

CO 
CD 


o 

o 

> 
o 


CHAPTER  III  -  CURRENT  AND  ALTERNATIVE 
WASTE  MANAGEMENT  PRACTICES 


The  major  issues  in  this  Chapter  are  as  follows: 

The  report  indicates  seepage  in  drilling  pits  is  part  of 
the  pit  dewatering  phase  during  pit  closure. 

—      Landspreading  is  not  characterized  correctly  for  onsite 
pit  closure  operations. 

Drilling  fluids  are  not  necessarily  injected  down 
surface  pipe  because  they  contain  objectionable  levels 
of  contaminants. 

State  UIC  programs  may  be  different,  but  there  is  a 
minimum  standard  requirement  by  EPA  before  primacy  is 
delegated  to  the  states. 

There  are  many  incentives  including  economic  ones  for 
operators  to  assure  saltwater  disposal  wells  have 
mechanical  integrity. 

While  the  present  draft  reflects  significant  improvements 
over  the  Interim  Report,  EPA's  contractor  still  uses  outdated 
information  in  certain  sections  of  the  Chapter.    For  example, 
Table  2  still  lists  galena  (PbS)  and  sodium  chromate  as 
additives  used  in  drilling  mud,  even  though  they  are  no 
longer  used  in  U.S.  drilling  operations.     Further,  the  1978 
estimated  diesel  volume  used  in  drilling  is  too  high  and 
should  be  adjusted  for  present  usage.    The  quotes  on  page  34 
about  state  program  requirements  for  identifying  USDW's  are 
also  outdated  and  not  completely  correct.    For  example, 
Mississippi  requires  surface  casing  on  wells  to  be  set  at 
depths  based  upon  the  total  depth  of  the  well  being  drilled, 
not  TDS  values. 
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The  report  inaccurately  indicates  seepage  in  drilling  pits  is 
part  of  the  pit  closure  techniques  on  page  13.     If  seepage 
occurs  in  a  drilling  pit,  it  is  not  design.    Seepage  is  kept 
to  a  minimum  in  all  drilling  pits  due  to  the  self  sealing 
properties  of  drilling  muds.     Column  leach  studies  (furnished 
to  EPA  by  API)  substantiate  that  filter  cakes  with  permeabil- 
ities of  1  x  10"6  or  lower  cm/sec  can  be  created  in  drilling 
pits.     Seepage  of  fluids  from  drilling  pits  is  not  part  of  a 
pit  closure  technique  nor  do  we  believe  it  is  a  significant 
contributor  to  USDW  contamination.    The  fact  is  that  37%  of 
drilling  pits  have  artificial  liners  installed  where  highly 
permeable  soils  exist  over  shallow  groundwater  or  where 
bentonite  is  not  added  to  the  drilling  fluid. 

The  report  characterizes  landspreading  incorrectly.  Land 
spreading  is  not,  in  most  cases,  a  supplemental  step  taken  to 
dispose  of  excess  muds  squeezed  out  during  burial  of  pit 
solids  in  a  pit  closure  operation.    This  technique  requires 
the  operator  to  remove  the  drilling  solids  form  the  pit  and 
spread  those  solids  on  the  ground,  provided  that  metal,  salts 
and  hydrocarbon  concentrations  comply  with  state  constituent 
criteria.    As  incorrectly  described  by  the  report,  land- 
spreading  is  not  an  after-thought  in  a  pit  closure  operation 
and  is  not  normally  done  without  a  planned  design. 

In  the  discussion  of  Alaskan  North  Slope  drilling  wastes,  the 
report  refers  to  "road  watering"  as  the  only  disposal 
alternative  to  decanting  reserve  pit  fluids  to  the  tundra. 
It  should  be  noted  that  annular  injection  and  conventional 
Class  II  disposal  are  also  current  practices. 

The  report1 s  discussion  of  reconditioning  and  reusing 
drilling  muds  fails  to  note  that  the  ability  to  reuse  mud 
economically  varies  widely  with  the  distance  between  drilling 
operations,  frequency  and  continuity  of  the  drilling  schedule 
and  the  compatibility  between  muds  and  formations  among 
drilling  sites. 


The  statement  that  pits  are  generally  built  or  excavated  into 
permeable  surface  soils  or  into  unconsolidated  sediments  is 
not  correct.    Pit  construction  practices  recognize  surface 
soil  conditions  and  distances  to  groundwater.     In  fact,  37% 
of  pits  throughout  the  U.  S.  were  lined  to  prevent  potential 
seepage  to  groundwater.    Many  of  these  liners  were  necessary 
to  comply  with  state  regulations  and  permit  conditions. 

The  point  (page  14)  that  disposal  of  drilling  fluids  down 
surface  pipe  is  generally  used  when  drilling  fluids  contain 
objectionable  levels  of  contaminants  is  not  correct.  In 
fact,  many  operators  use  this  technique  because  it  is  less 
expensive  than  hauling  to  remote  disposal  sites  or  treating 
the  fluids  to  comply  with  discharge  criteria  (see  Chapter 
VII. B.  for  state  regulatory  requirements).    Moreover,  this 
phase  of  pit  closure  does  not  address  solids  disposal.  The 
disposal  of  solids  is  addressed  by  using  burial,  solidifica- 
tion, or  landspreading  techniques. 

The  report  stresses  (  page  16)  that  annuar  disposal  has 
numerous  problems.    For  example,  the  draft  report  implies 
that  surface  pipe  does  not  adequately  protect  groundwater. 
State  regulations  require  that  surface  pipe  cover  all  USDW's 
and  be  cemented  to  the  surface  in  newly  drilled  wells. 
Further,  most  states  regulate  when  annuar  injection  can  be 
used  and  limit  injection  pressures  to  prevent  fracturing  of 
the  confining  zone  between  the  bottom  of  the  surface  pipe  and 
lowermost  USDW.    Finally,  most  shallow  shale  beds  are  usually 
continuous  in  the  major  sedimentary  basins. 

The  statement  (page  21)  that  "nationally,  approximately  60  - 
70  percent  of  all  produced  waters  are  disposed  of  in 
injection  wells"  is  underestimated.    This  value  should  range 
from  80-90  percent. 

The  report  refers  (page  32)  to  the  potential  for  an  injection 
formation  becoming  "pressurized"  by  having  several  high 
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pressure  injection  wells  operating  in  an  EOR  project.  A 
problem  would  then  exist  for  migration  of  injected  fluid  to  a 
USDW  through  improperly  plugged  wells.    This  is  possible,  but 
not  likely.    Water  injection  in  enhanced  recovery  operations 
is  not  usually  initiated  until  the  pressure  in  the  producing 
reservoir  has  declined  significantly  below  the  original 
reservoir  pressure.    Further,  under  the  UIC  program,  all 
states  either  limit  injection  pressures  or  specifically 
permit  an  approved  pressure.    Most  EOR  projects  are  subject 
to  constant  pressure  and  volume  monitoring,  reducing  the 
potential  for  this  problem. 

The  report  discusses  variation  of  state  programs  as  if  it 
implies  corresponding  variation  in  effectiveness.    There  are 
many  valid  reasons  for  variations,  some  of  which  are  required 
by  statute.    For  example,  section  1425  of  the  Safe  Drinking 
Water  Act  required  EPA  to  recognize  differences  in  state 
programs  in  awarding  primacy.    However,  in  1981,  the  EPA 
office  of  Drinking  Water  issued  minimum  guidelines  for 
assessing  adequate  state  programs.    These  guidelines  address 
permitting,  area  of  review,  enforcement  authority,  and  other 
major  requirements  for  assuring  that  a  state  program  is 
acceptable.    As  a  result,  there  may  be  certain  state  programs 
that  are  different  but  there  is  a  minimum  standard  they  must 
ali  meet  to  obtain  primacy.    These  minimum  standards  imposed 
by  EPA  are  adequate  to  protect  USDW's. 

The  report  criticizes  (page  35)  the  present  UIC  program  as 
allowing  the  grandfathering  of  existing  Class  II  wells 
thereby  circumventing  the  responsibility  of  the  operator  to 
identify  possible  channels  of  communication  between  the 
injection  zone  and  freshwater  zones.    The  operator  must 
report  annually  (and  weekly  or  monthly  depending  on  permit 
requirement)  injection  well  pressures  as  required  by  the 
present  regulations  in  both  primacy  and  non-primacy  states. 
The  operator  also  must  comply  with  MIT  test  requirements  at 
least  every  five  years  and  more  frequently  as  required  by 
their  permits.    More  importantly,  sound  operations  practices 
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dictate  an  operator  observe  the  performance  of  its  injection 
wells  on  a  daily  basis.    The  point  is  that  the  present 
program  does  not  relieve  the  operator  of  maintaining 
compliance,  i.e.,  preventing  contamination  of  USDW's. 

The  report's  assessment  of  incentives  (page  35)  for  assuring 
the  integrity  of  disposal  wells  is  incorrect.    There  are  many 
types  of  waste  disposal  processes  used  in  industry  whereby 
the  incentive  for  assuring  proper  disposal  is  environmental 
protection  and  regulatory  compliance.    There  is  also  an 
economic  incentive  from  the  heavy  fines  and  pipeline 
severances  that  can  be  imposed  if  the  regulations  are 
ignored.    Further,  the  report  states  that  most  disposal  wells 
are  usually  old,  heavily  patched  and  difficulty  to  maintain. 
This  is  not  true.    Many  disposal  wells  are  new  because 
converting  a  producing  well  in  the  field  would  reduce  crude 
oil  production.    Also,  in  many  smaller  fields,  the  salt  water 
disposal  (SWD)  well  is  the  difference  between  revenue  and  no 
revenue.     If  the  injection  well  goes  down,  production  has  to 
be  shut  in.    Moreover,  most  enhanced  recovery  wells  are 
converted  form  producing  wells.    The  idea  that  all  disposal 
wells  are  old  and  heavily  patched  and  enhanced  recovery  wells 
are  new  and  without  problems  is  incorrect. 

The  report  describes  (page  36)  the  use  of  percolation  and 
evaporation  pits  for  areas  where  underlying  waters  are  not 
suitable  for  use.    However,  the  report  then  sees  a  potential 
for  these  same  pits  to  contaminate  usable  ground  water.  This 
is  a  contradiction  and  such  pits  require  state  permits  before 
they  can  be  used  for  these  purposes. 

In  discussing  surface  water  discharges  the  report  alludes  to 
the  potential  for  damage  to  the  aquatic  communities  from 
discharges.    Industry  has  reviewed  many  studies  of  coastal 
estuaries  and  bays  where  aquatic  life  has  been  found  to 
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coexist  successfully  with  industry  operations.    A  listing  of 
these  studies  can  be  provided-    Also,  EPA  itself  has 
responsibility  for  regulating  these  discharges  through 
enforcement  of  the  Clean  Water  Act  NPDES  program  and  does  not 
require  additional  authority  under  RCRA. 
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In  analyzing  the  damage  cases,  API  has  provided  a  character- 
ization of  the  cases  compared  to  current  regulations,  a 
summary  of  cases  by  damage  category  and  detailed  comments  on 
each  care  to  supplement  its  original  comments  in  EPA's 
docket . 
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Appalachian  Basin. . . "Because  of  these  marginal  economic  conditions, 
the  costs  of  environmentally  protective  practices  and  proper  well 
abandonment  practices  can  make  the  difference  between  profitability 
and  unprofitability. " 

Ohio... "The  State  has  recently  banned  all  saltwater  disposal  pits, 
but  a  current  legislative  initiative  is  attempting  to  overturn  that 
ban." 

West  Virginia. . ."Enforcement  is  difficult  both  because  of  limited 
availability  of  State  inspection  and  enforcement  manpower  and 
because  of  the  remote  location  of  many  drill  sites." 

Pennsylvania. .. "In  Pennsylvania,  disposing  of  oil  and  gas  wastes 
into  streams  prior  to  1985  violated  the  State's  general  water 
quality  criteria,  but  the  regulations  were  rarely  enforced." 

West  Virginia. .. "Land  spreading  of  drilling  muds  containing  up  to 
25,000  ppm  chlorides  is  allowed." 

Pennsylvania. .. "Even  though  spills  are  accidental  releases,  and 
thus  do  not  constitute  wastes  routinely  associated  with  the 
extraction  of  oil  and  gas  under  the  sense  of  the  Section  3001 
exemption,  "spills"  in  this  area  of  Pennsylvania  appear  to 
represent  deliberate,  routine,  and  continuing  illegal  disposal  of 
waste  oil. " 

Louisiana. .. "drilling  muds  from  onshore  operations  may  be 
discharged  into  estuaries  of  the  Gulf  of  Mexico,  ...Since  the  muds 
can  contain  high  levels  of  toxic  metals,  bioaccumulation  of  these 
metals  in  shellfish  or  finfish  are  of  concern:" 

Arkansas. . ."The  State  of  Arkansas  has  limited  resources  for 
inspecting  disposal  facilities  associated  with  oil  and  gas 
production. H 

Kansas. . ."Recently  the  Kansas  Corporation  Commission  added  new 
"lease  maintenance"  rules  to  their  oil  and  gas  regulations.  The 
question  of  concern  is  how  stringently  these  rules  will  be 
enforced,  especially,  as  these  cases  show,  in  the  light  of  the 
evident  reluctance  of  some  operators  to  comply  even  when  faced  with 
repeated  orders  for  corrections." 

Texas. . ."While  the  Texas  Railroad  Commission  has  not  stopped  the 
practice  of  coastal  discharge,  they  are  currently  evaluating  the 
need  to  preclude  this  type  of  discharge  by  collecting  data  from  new 
applications. " 

Wyoming. . ."Enforcement  of  state  regulations  is  made  difficult  as 
resources  are  scarce  and  areas  to  be  patrolled  are  large  and 
remote . " 


1 


New  Mexico. . ."Over  20,000  unlined  produced  water  disposal  pits  are 
still  in  existence  in  New  Mexico." 

Alaska. "Inspection  of  oil  and  gas  activities  and  enforcement  of 
state  regulations  on  the  North  Slope  is  difficult  due  to  resource 
constraints,  .." 
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DRAFT  REPORT  TO  CONGRESS 


DAMAGE  CASE  CHARACTERIZATION 

CATEGORY 

TOTAL 

NO. 
CASES 

CASE 
WOULD 
VIOLATE 
CURR  REGS 

AGENCY 

STUDY  OIL 
OR  OR 
NOT  SITE  SW 
SPECIFIC  SPILL 

ALLOWED 
OR 

PERMITTED 
DISCHARGE 

CIVIL 
SUIT 
FOR 
DAMAGES 

WORKOVER 
PROBLEM 

DRILLING  RELATED  DAMAGES 

CONTAMINATION  OF  GND  WATER  FROM  RESERVE  PITS 
SURF  DAMAGE-LANDSPREADING  OF  RESERVE  PITS 
ALLOWABLE  DISCHARGE  OF  MUDS  ON  GULF  COAST 
ARTIC  NORTH  SLOPE  DRILLING  RESERVE  PITS 
DAMAGE  FROM  KENAI  AREA  DRILLING 

5 
1 
1 
4 

2 

4 
1 
i 
i 

2 

1 

SUBTOTAL  DRILLING 

13 

9 

3  0 

0 

i 

0 

PRODUCTION  RELATED  DAMAGES 

J,  LLC  13 HI—  l/JDrUDHL 

PROD  WATER  AND  DISPOSAL  PITS  LEACHING 
ALLOWABLE  DISCHARGE  INTO  STREAMS 
CONTAMINATION  FROM  UNDERGROUND  INJECTION 
CONTAMINATION  FROM  IMPROPERLY  PLUGGED  WELLS 
DAMAGE  FROM  POOR  LEASE  MAINTENANCE 
DISCHARGE  INTO  THE  TEXAS  GULF  COAST 
DAMAGE  FROM  ARTIC  OPERATIONS 
DAMAGE  FOLLOWING  FRACTURING  OPERATIONS 
DAMAGE  FROM  OIL  OR  SALTWATER  SPILLS 
IMPROPERLY  COMPLETED  PRODUCING  WELLS 

1  "7 

•2* 

4 

6 
7 
2 

i 

^? 

16 

1 
6 
4 
2 
i 
1 
1 

1 

1 
1 

1 

SUBTOTAL  PRODUCING 

49 

36 

2  3 

5 

I 

TOTAL  NO-  CASES 

62 

45 

5  3 

5 

1 
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DRAFT  REPORT  TO  CONGRESS  SUMMARY  OF 
DAMAGE  CASES  BY  CATEGORY 


DRILLING  RELATED  CASES t 

Contamination  of  Groundwater  from  Reserve  Pits  -  5  Cases 
(OH49 , MI04 , OK08 , OK02 , KS05) 

-  Only  two  of  the  five  cases  appear  to  be  the  result  of  Leachate 
from  reserve  pits  (MI04  and  OK08) .     In  both  cases  the  States  have 
regulations  addressing  this  type  damage  that  would  make  it  a 
violation  today. 

-  Of  the  three  remaining  cases,  OK02  is  a  civil  suit  case  seeking 
damages  for  a  1973  drill  well  where  the  information  from  the 
plaintiff "s  attorney  cannot  be  verified  by  the  OCC  or  defendant. 
The  two  other  cases  OH49  and  KS05  appear  to  be  damages  from  old 
produced  water  pits.    Nevertheless,  Ohio  and  Kansas  do  have  regula- 
tions that  pertain  to  both  reserve  pit  construction  and  operation 
and  produced  water  pits  that  would  have  made  these  cases  violations 
today. 

-  Additional  regulatory  authority  or  regulations  are  not  justified 
by  these  cases. 

Surface  Damage  Related  to  Landspreading  of  Reserve  Pit  Contents  -  1 
Case  (WV13) 

-  West  Virginia  state  regulations  at  the  time  of  the  discharge 
permitted  landfarming  of  pit  fluids  with  chloride  levels  above 
those  discharged.     Since  then,  revised  regulations  would  have 
banned  this  landfarming  incident  (see  case  writeup  for  new  regula- 
tory limits) . 

-  Existing  regulations  are  adequate  and  can  be  changed  if  needed 
to  reduce  chloride  limits  in  the  future. 

Allowable  Discharge  of  Drilling  Mud  Into  Gulf  Coast  Estuaries  -  1 
Case  (LA20) 

-  Louisiana  has  regulations  in  place  for  discharges  into  inland 
and  coastal  waters.    In  this  case,  the  state  ordered  a  legal 
discharge  stopped  under  its  authority  to  regulate  discharges. 

-  No  additional  regulatory  authority  is  needed. 


Damage  from  Arctic  North  Slope  Drilling  Reserve  Pits  -  4  Cases 
( AKO  6 , AK07 , AKO  8 , AK1 2 ) 


-  Three  of  the  cases  are  studies  (AK06,  AK07,  AK08) . 

-  Two  of  the  studies  (AK06,  AK08)  investigated  the  impacts  of 
permitted  discharges  to  the  tundra.    AK06  was  a  draft  study  by  FWS 
that  is  unavailable  to  EPA  or  the  public  for  review.    ADEC  drawing 
on  AK08  and  other  information  has  recently  promulgated  new  dis- 
charge requirements  to  additionally  protect  the  tundra.  The 
regulations  were  promulgated  under  existing  authority. 

-  One  of  the  studies  (AK07)  is  not  damage  related  and  found  only 
that  reserve  pits  and  Arctic  ponds  support  different  levels  of 
Daphnia  which  is  a  species  sometimes  used  in  toxicity  testing. 

-  On^case  AK12  is  an  example  of  a  practice  now  banned  by  the  ADEC. 
Exploration  pits  are  now  required  to  be  closed  within  one  year  of 
cessation  of  operations  and  can  no  longer  be  left  open  indefinitely 
as  was  U.S.  government's  practice  on  the  NPRA. 

-  The  need  for  additional  regulatory  authority  requirements  or 
regulations  are  not  demonstrated  by  these  cases. 

Damage  Related  to  Alaska  Drilling  in  the  Kenai  Area  -  2  Cases 
(AK01,AK03) 

-  Both  cases  refer  to  sites  that  current  regulations  would 
prohibit  using. 

-  One  site  (AK01)  received  materials  initially  from  an  oil  and  gas 
operator  but  became  an  open  dump. 

-  One  site  was  a  commercial  site  which  is  no  longer  used  and  would 
not  be  in  compliance  with  ADEC  regulation  18  AAC  60.3106  requiring 
groundwater  monitoring  and  other  requirements  for  commercial  sites. 

-  No  additional  regulation  or  regulatory  authority  is  justified  by 
these  cases. 


PRODUCTION  RELATED  CASES; 

Illegal  Disposal  in  Production  Operations  -  17  Cases 

(LA45/LA64/LA90/OH07/OH12/OH45IAR07,AR04ITX21/TX22/WY03,WY05,WV18/ 

LA15,AR10,WV20,PA09) 

-  Sixteen  of  the  incidents  involve  activities  in  violation  of 
state  or  federal  regulations  for  either  waste  disposal  or  reporting 
of  oil  spills  as  required  under  the  Clean  Water  Act  Section  311. 

-  One  case  (LA64)  is  an  accidental  saltwater  spill  incident  where 
the  landowner  refused  remedial  action  by  the  operator  and  demanded 
instead  a  cash  settlement. 

-  Additional  regulation  is  not  justified  as  16  of  17  of  the  cases 
are  already  illegal  and  the  seventeenth  was  an  accidental  spill 
that  should  not  have  been  included  in  this  category. 

Produced  Water  and  Oil  Field  Waste  Pit  Contents  Leaching  Into 
Groundwater  -  3  Cases  (NM02,NM05,LA67) 

-  All  three  cases  involve  practices  which  are  no  longer  authorized 
and  are  extensively  regulated  by  the  states  of  New  Mexico  and 
Louisiana. 

-  One  case  (NM02)  was  erroneously  reported.    No  damage  occurred, 
and  no  violation  of  state  groundwater  standards  existed. 

-  No  additional  regulations  are  required  or  justified  because 
these  practices  are  no  longer  allowed. 

Allowable  Discharge  of  Water  Into  Surface  Streams  and  Eohemal 
Streams  -  4  Cases  (WY07,CA21,CA08,PA02) 

-  Three  of  the  cases  are  allowed  discharges  under  the  Clean  Water 
Act*s  NPDES  program.    One  (PA02)  reports  on  a  study  on  discharges 
that  would  violate  state  and  federal  NPDES  requirements  if  they 
were  occurring  today. 

-  The  surface  discharge  of  produced  waters  (WY07)  is  specifically 
allowed  west  of  the  98th  meridian  under  the  Agricultural  and 
Wildlife  Water  Use  provision  of  the  Clean  Water  Act  (40CFR  Part  435 
Subpart  E) .    These  discharges  are  extensively  regulated  under  the 
federal  NPDES  programs  implemented  by  the  EPA  and/or  under  existing 
state  water  guality  standards.    Further,  many  of  these  waters  are 
of  high  quality  and  represent  a  major  water  source  for  many  land- 
owners in  arid  regions  of  the  Western  U.S. 

-  The  California  cases  (CA21,  CA08)  represent  an  example  of  a 
situation  that  may  require  additional  regulatory  attention. 
Regulation  of  this  type  incident  are  covered  under  the  Clean  Water 
Act  NPDES  program.    These  cases  are  under  active  regulatory  review 
using  existing  regulatory  authority  by  the  EPA  and  California.  If 
changes  are  required,  they  will  be  incorporated  into  revised  permit 
conditions. 


-  Further  regulations  are  not  justified  based  on  documented  damage 
or  a  lack  of  current  regulatory  authority  from  there  cases. 

Contamination  from  Improperly  Plugged  Wells  -  7  Cases 
(KS03,KS14,TX05,TX11,TX15,LA65,KS03) 

-  Four  of  the  cases  (KS03,KS14,TX05,TX15)  are  examples  of  wells 
not  plugged  in  accordance  with  current  regulatory  requirements. 
Current  regulations  require  placing  cement  plugs  across  producing 
or  injection  zones  and  separate  plugs  immediately  below  USDW's  to 
protect  groundwater. 

-  One  case  (TX11)  did  not  cite  a  specific  well  but  alleged  wide- 
spread salt  seeps  across  Texas  resulted  from  improperly  abandoned 
wells.      If  the  wells  exist,  the  Texas  Railroad  Commission  is 
responsible  for  properly  abandoning  them  if  the  operator  cannot  be 
found. 

-  Two  cases  (LA65,KS03)  are  currently  in  litigation  and  the  source 
of  pollution  and  responsible  parties  has  not  been  determined  (see 
LA.  Office  of  Conservation  comments  in  EPA's  docket  on  LA65  and  KCC 
comments  on  KS03) . 

-  No  additional  regulatory  authority  or  regulations  are  justified 
by  these  cases. 

Damage  related  to  Lease  Maintenance  -  2  Cases  (KS01,KS08) 

-  Both  cases  (KS01,  KS08)  involved  violations  to  Kansas  regula- 
tions. Further,  these  events  occurred  prior  to  the  issuance  of 
KCC's  "Lease  Maintenance  Rules"  (K.A.R.  82-3-600  through  603)  in 
May  13,  1987.  These  rules  require  permitting  of  all  pits  (includ- 
ing drilling  pits,  previously  not  required  by  KDHE) ,  emptying  of 
emergency  pits  within  48  hours,  notification  of  spills  within  24 
hours  and  specific  administrative  penalties  for  each  violation. 

-  On  July  1,  1986,  KCC  gained  complete  authority  over  all  oil  and 
gas  activities.    Prior  to  that  date  they  shared  certain  aspects  of 
environmental  regulation  authority  with  the  KDHE.    KCC,  unlike 
KDHE,  has  the  authority  to  shut  down  an  operator  should  the  situa- 
tion require  such  action  and  is  also  staffed  with  more  field 
agents . 

-  Existing  regulations  are  adequate. 

Discharge  of  Produced  Water  and  Drilling  Mud  Into  Bays  and  Estuar- 
ies of  the  Texas  Gulf  Coast  -  3  Cases  (TX55,TX31,TX29) 

-  All  three  cases  were  permitted  by  the  Texas  Railroad  Commission 
and  are  subject  to  EPA  regulation  under  the  Clean  Water  Act. 

-  In  two  cases  (TX55,  TX31)  no  evidence  of  damage  to  tidal  areas 
was  documented. 


-  One  case,  TX29  where  damage  occurred  to  fresh  water  resulted  in 
the  discharge  permit  being  revoked. 

-  No  additional  discharge  regulations  are  warranted  by  these 
cases. 

Damage  Related  to  Arctic  Production  Operations  -  1  Case  (AK10) 

-  This  case  is  an  example  of  illegal  storage  and  handling  of  used 
drums  by  a  commercial  salvage  company.    Alaska  took  action  under  18 
AAC  75.080  and  required  cleanup  and  monitoring  of  adjacent  tundra 
and  pond  areas. 

-  No  additional  regulations  are  justified  to  regulate  this  type 
incident. 

Damage  to  Water  Wells  Following  Fracturing  Operations  on  Producing 
Wells  -  2  Cases  (WV17,PA08) 

-  One  case  (WV17)  resulted  in  a  workover  operation  fracturing  into 
groundwater  as  a  result  of  equipment  failure  or  accident.  As 
described  in  the  detail  writeup  this  is  not  a  normal  result  of 
fracturing  as  it  ruins  the  productive  capability  of  the  wells. 

-  One  case  (PA08)  is  not  the  result  of  fracturing  but  of  habitual 
violations  of  an  operator  who  unsuccessfully  sought  bankruptcy  to 
avoid  state  enforcement  actions. 

-  No  additional  regulations  are  justified  by  these  cases. 

Damage  Related  To  Production  Operations  Spills  -  2  Cases 
(AK09,MI05) 

-  Both  cases  are  spills  with  AK09  an  oil  spill  and  MI05  an  oil  and 
saltwater  spill. 

-  Both  state  and  federal  regulations  are  in  place  to  address  such 
incidents.    The  Clean  Water  Act  requires  the  preparation  of  Spill 
Prevention  Control  and  Countermeasures  (SPCC)  plans  under  40  CFR 
part  112.    Also,  immediate  notification  and  prompt  cleanup  of 
Alaska  oil  spills  are  required  under  ADEC  rules  18  AAC  75.080.  The 
U.S.  Coast  Guard  also  has  cleanup  and  enforcement  responsibility 
under  their  regulations  33  CFR  part  153. 

-  No  further  regulatory  authority  or  regulations  are  justified  by 
these  incidents. 

Groundwater  Contamination  from  Improperly  Completed  Wells  -  2  Cases 
(NM03,NM04) 

-  Both  cases  are  violations  of  state  producing  regulations.  In 
addition  to  states  having  authority  for  environmental  protection, 
they  are  charged  with  preventing  waste  of  natural  resources. 
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-  The  Hobbs  case  (NM04)  referencing  oil  on  an  aquifer  uses  1965 
data.    Numerous  regulations  have  been  placed  in  effect  since  that 
time  (see  detailed  case  writeup) . 

-  No  additional  regulations  or  regulatory  authority  are  justified 
by  these  cases. 
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CHAPTER  V  -  RISK  ASSESSMENT 


Some  API  data  (waste  volumes,  pit  sizes)  have  been  adopted  by 
the  Agency.    Will  the  final  report  also  use  column  leaching 
data,  statistics  for  pit  liners,  or  information  on  arsenic 
provided  by  API? 

This  draft  reflects  few  revisions  to  risk  model  scenarios  for 
underground  injection  as  well  as  reserve  pits.    Will  API's 
suggested  changes  be  incorporated  into  the  final  draft? 

In  Chapter  2.C,  EPA's  contractor  has  evaluated  "risk"  posed 
by  wastes  by  calculating  ratios  of  waste  concentrations  to 
multiples  of  health  based  factors*    These  calculations  and 
the  constituents  emphasized  are  inconsistent  with  the  risk 
approach  taken  in  Chapter  V.    Will  these  sections  be  removed 
from  the  final  report  to  eliminate  this  inconsistency? 

API  supports  EPA's  efforts  to  make  its  risk  analysis 
region-specific.    However,  the  description  of  the  weighting 
process  employed  to  accomplish  this  is  extremely  vague  and 
unclear.    Will  this  be  clarified  in  the  final  report? 

The  risk  analysis  still  does  not  address  actual  cases  of 
environmental  damage  for  human  health,  aquatic  organisms,  or 
natural  resources,    will  damage  cases  be  addressed  in  final 
risk  analysis? 

This  draft  still  contains  no  conclusions  concerning  risks 
posed  by  these  wastes.    What  preliminary  conclusions  has  EPA 
drawn  considering  a)  the  very  conservative  90%  percentile 
worst  case  risk  to  human  health  from  medium  sized  pits  is 
rather  low  (1.6xl0~6  for  cancer.  6.3xl0~5  for  less  severe 
hypertension) ,  b)  the  occurrence  of  oil  and  gas  activities  in 
sensitive  environments  is  rather  low  (less  than  5-10%  of  any 
area  affected)  and  c)  there  is  no  mention  of  damage  docu- 
mented in  sensitive  environments? 
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Are  there  areas  in  the  qualitative  Arctic  risk  assessment 
where  additional  information  that  could  be  supplied  by  API 
would  be  useful? 

Appendix  A  contains  waste  analyses  and  comparisons  to 
multipliers  of  health-based  standards.    Will  the  final  report 
address  the  significance  of  the  waste  analyses  and  include 
comparisons  to  API  results? 
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CHAPTER  VI  -  COSTS  AND  IMPACTS 


We  support  the  inclusion  of  API's  1985  "Production  Waste 
Survey"  into  the  data  base  used  for  this  report.    We  also 
support  the  reduction  of  the  decline  rates  and  the  use  of 
current  prices. 

API's  concern  that  the  extreme  variation  in  the  type  of 
operations  present  in  the  oil  and  gas  industry  cannot  be 
adequately  represented  by  21  model  projects  is  still 
relevant. 

The  national  cost  level  projections  in  Table  11  indicate 
additional  cost  for  disposal  of  20%  of  produced  water  in  the 
non-hazardous  scenario,    while  the  reason  is  not  discussed, 
it  appears  that  it  replaces  discharge  points  with  injection 
wells.     If  so,  the  inclusion  of  surface  discharges  permitted 
under  the  NPDES  program  is  inappropriate.    These  point 
sources  are  specifically  excluded  in  40  CFR  Part  261  and 
should  not  be  included  in  this  study.    Therefore,  the 
intermediate  scenario  should  indicate  no  change  for  the 
management  of  produced  water. 

RCRA  Subtitle  C  scenario  is  unclear  regarding  the  onsite 
management  of  drilling  waste.    API  has  estimated  the  cost  of 
drilling  waste  disposal  in  hazardous  waste  facilities  at  $25 
per  barrel  versus  EPA's  contractors  figure  of  $17.78  per 
barrel.    The  contractor's  cost  also  appears  low  in  view  of 
additional  costs  that  would  be  incurred  for  closed  drilling 
systems  or  other  equipment  necessary  to  contain  hazardous 
waste. 

The  logic  for  the  selection  of  waste  management  scenarios  is 
not  described.    The  report  is  unclear  regarding  whether  the 
liners  required  for  non-hazardous  waste  reserve  pits  in  the 
"immediate  scenario"  would  also  be  required  *in  the  "RCRA 
Subtitle  C  scenario."    It  is  also  not  clear  why  the  "RCRA 


Subtitle  C"  scenarios  assume  that  10%  or  70%  of  projects 
generate  hazardous  waste.     If  these  percentages  are  based  on 
sampling  data,  the  basic  information  should  be  open  to 
comment.    However,  if  based  on  sampling  data,  the  sample  size 
may  not  be  representative. 

The  unit  cost  estimates  from  the  Inerim  Report  serve  as  the 
basis  for  the  national  level  Lower-48  composite  model 
project.    API  has  documented  in  previous  comments  our  concern 
that  the  manner  in  which  the  dollar  per  barrel  costs  were 
calculated  results  in  understated  cost.  These  comments  are 
still  applicable.    Using  these  values  as  a  basis  for  modeling 
will  result  in  an  understated  overall  industry  impact. 

It  is  unclear  how  the  economic  methodology  will  account  for 
reductions  in  drilling  activity.    It  appears  the  impact  on 
newly  discovered  reserved  may  not  recognize  that,  in  addition 
to  drilling  costs,  newly  developed  reserves  will  also  have  to 
support  production  costs  associated  with  additional  regula- 
tions • 

The  costs  per  barrel  for  hazardous  waste  compliance  depends 
on  reserves  used.    The  reserves  used  in  the  calculations  in 
Table  10  should  not  be  checked  against  DOE  estimates  to 
insure  that  they  are  not  overstated,  which  would  understate 
the  impact  on  new  project  rates  of  return. 

It  appears  that  impacts  on  commercial  facilities  are  either 
overlooked  or  understated.    The  impact  on  existing  commercial 
facilities  that  receive  non-hazardous  drilling  waste  is  not 
included.    Also,  the  impact  of  the  increased  demand  on  an 
already  capacity-limited  commercial  hazardous  waste  disposal 
industry  is  not  adequately  addressed.    This  situation  would 
serve  to  increase  the  unit  cost  of  disposal  dramatically 
under  the  RCRA  Subtitle  C  Scenario. 

As  commented  upon  in  the  Interim  Report,  costs  of  transporta- 
tion under  the  RCRA  Subtitle  C  scenario  are  underestimated. 
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The  lack  of  hazardous  waste  disposal  facilities  in  certain 
parts  of  the  country,  the  impact  of  an  overall  lack  of 
hazardous  waste  disposal  capacity  and  the  remoteness  of  oil 
and  gas  operations  will  all  contribute  to  high  transportation 
costs  and  all  are  inadequately  addressed.  Particularly 
understated  is  the  assumption  that  a  Class  I  well  will  be 
available  within  an  average  of  30  miles  from  oil  and  gas 
operations.     It  is  also  probably  optimistic  to  assume  that 
new  Class  I  wells  will  be  located  the  same  distance  from 
producing  wells  in  new  projects  as  a  Class  II  facilities 
would  have  been. 

Costing  of  produced  water  management  must  recognize  that 
128,000  of  industry's  168,000  Class  II  wells  are  used  in 
enhanced  oil  recovery  projects  and  cannot  be  relocated.  This 
water  must  be  reused  onsite  for  reiifrection  in  enhanced 
recovery  operations.    Conversions  or  replacement  of  these 
existing  wells  to  strict  Class  I  wells  could  also  require 
workover  or  replacement  of  producing  wells  within  areas  of 
review. 

Development  of  baseline  economic  case  data  incorrectly 
assumes  that  average  per  well  producing  rates  are  typical 
producing  rates.     In  fact,  most  wells  produce  at  rates  below 
the  mathematical  average  rate.    This  assumption  generates 
overstated  initial  producing  rates  that  will  understate  the 
impact  of  additional  regulatory  costs. 

The  derivation  of  economic  limits  based  upon  waste  management 
costs  should  be  discussed  in  more  detail. 

The  economic  analysis  methodology  is  limited  to  oil  industry 
impacts  on  exploration,  development,  and  production.  It 
fails  to  address  oil  industry  employment.     It  also  does  not 
address  the  major  restructuring  of  state  and  national 
economics  and  employment  losses  outside  the  oil  industry  that 
would  result  from  hazardous  waste  regulations. 
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CHAPTER  VII  -  CURRENT  REGULATORY  PROGRAMS 


The  following  comments  address  EPA!s  discussion  on  state  regu- 
latory programs. 

■  API  believes  that  the  information  provided  on  current  state 
regulations  and  damage  cases  must  be  incorporated  into  the 
chapters  on  current  industry  practices  and  risk  assessment. 
Otherwise  a  through  and  fully  accurate  analysis  of  the 
adequacy  of  current  regulations  and  industry  practice  cannot 
be  conducted  to  satisfy  the  congressional  mandate  to 
determine  if  additional  regulations  are  required. 

■  API's  June  15th  comments  provide  evidence  that  states 
actively  enforce  regulations.    Damage  cases  involving  viola- 
tions of  state  regulations  resulted  in  administrative  or 
enforcement  actions  in  95%  of  the  cases* 

■  Fines  are  not  the  only  mechanism  available  to  states  to 
insure  compliance.    The  permitting  process  is  another  tool. 
Permit  review  procedures  take  into  account  past  compliance  of 
the  applicant.    Special  permit  conditions,  which  can  include 
specific  reporting  requirements,  may  also  be  applied  on  field 
conditions  and/or  past  compliance  history. 

■  Data,  such  as  that  submitted  to  the  EPA  contractor  by  states, 
should  be  utilized  when  studying  the  enforcement  issue.  The 
only  state  enforcement  data  used  by  the  contractor  concerns 
the  number  of  field  inspectors  (Attachment  A) . 

Oklahoma,  for  example,  submitted  a  package  describing  how 
they  track  the  effectiveness  of  their  regulatory  program. 
This  type  of  data  should  be  included  in  an  assessment  of 
state  regulatory  effectiveness. 
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Statistics  like  those  submitted  by  Oklahoma  should  be 
incorporated  into  EPA!s  assessment  of  the  state  regulatory 
program's  effectiveness.     For  example,  the  following  comments 
were  provided  to  amplify  on  Oklahoma's  program  (see  attach- 
ment B)  . 

Field  operations  inspectors  and  managers  achieved  a  high 
rate  of  success  in  resolving  complaints  and  rules 
violations.    Of  138,750  complaints  investigated,  110,566 
(79.68%)  were  resolved  in  the  field.    Only  206  com- 
plaints required  legal  action  to  obtain  compliance. 

Installation  of  computers  in  the  four  district  offices 
gave  field  personnel  instant  access  to  intent-to-drill 
and  surety  information. 

Field  inspectors  worked  122,535.5  man  hours  in  FY86. 
The  largest  share  (27.64%)  was  spent  conducting 
inspections.    The  second  largest  share  (14.07%)  was 
spent  investigating  and  resolving  complaints. 

API  generally  concurs  with  EPA"s  assessment  of  state 
regulations.     Several  comments  relative  to  specific  state 
programs  are  included  in  attachment  C. 
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to  comment  on 

chapter  vii  -  current  regulatory  progra1^ 
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rporation  Commiss 


JIM  THORPE  BU1LCMNQ 


OKLAHOMA  CITY,  OKLAHOMA  79109 


June  18,  1967 


Ms.  Carla  Greathouse 
Versar  Inc. 
6850  Versar  Center 
Springfield,  VA  22151 

Dear  Ms.  Greathouse: 

This  is  in  response  to  your  verbal  request  for  information 
concerning  the  organizational  structure  and  responsibilities  of  the  Oil 
and  Gas  Conservation  Division  of  the  Oklahoma  Corporation  Commission* 
Your  special  interest  was  directed  to  the  Field  Operations  Department  of 
this  Division.    Attached  is  information  that  we  trust  will  satisfy  that 
request.  * 

There  is  always  concern  about  how  information  such  as  you  are  being 
furnished  will  be  used  or  interpreted.    Based  on  some  of  the  comments  on 
pages  12  and  13  of  chapter  3  of  your  Interim  Report  dated  April  30,  1987 
there  is  strong  implication  that  the  states  are  doing  an  inadequate  job 
of  taking  care  of  their  environmental  business.    In  my  judgment,  much  of 
what  is  written  is  suppositional  and  judgmental  rather  than  factual.  We 
in  Oklahoma  feel  we  have  good  regulatory  programs  with  adequate, 
dedicated  staff  and  enforcement  capability  to  properly  protect  the 
state's  environment. 

Much  of  what  is  stated  on  pages  12  and  13  would,  if  applicable!  be 
as  difficult  to  contend  with  whether  or  not  the  programs  are  managed  by 
state  or  federal  agencies.    In  reality  a  well  run  state  program  has  more 
sensitivity  to  site  specific  problems  and  is  far  more  cost  effective 
than  a  federal  program. 

With  all  due  respect,  we  don't  necessarily  mean  to  be  argumentive 
but  having  read  much  of  the  Interim  Report  it  appears  to  have  a  strong 
anti-state  bias. 

The  Oklahoma  Corporation  Commission  has  recently  promulgated  Soil 
Farming  rules  for  utilization  of  fresh  water  drilling  fluids  and 
cuttings  from  reserve  pits  that  we  believe  will  be  models  for  other 
states  to  follow.    Further*  we  would  be  pleased  to  have  your  firm  visit 
us  for  a  firsthand  appraisal  of  our  regulatory  efforts. 


iTownsen: 

nmag  toner 


ATIOM  OWUOM 


CO   a  O 

5"  SL  -* 


3  -ho 

CD  CX* 
CZ 

ex.  <© 

°  sr 

cz  o 

3  c-t- 
cd  zr 

Z3  CD 
r+ 


CD 


ST  I 


& 

CD 


^^^^^^^^ 


CO 


co  c  o  "*  o 
-   to  ml 


We  are  xnost  pleased  to  furnish  information  we  feel  will  be  used  in  a 
constructive  way#  so  should  you  have  additional  needs'  please  so  Sdvxse! 

Sincerely, 


C.  D.  Davidson,  Director 

Oil  and  Gas  Conservation  Division 

Oklahoma  Corporation  Commission 
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Organization  Chart  -  FY86  Annual  report  attached 

Field  Operations  Staffing 

Oklahoma  CitT  Department  Staffing 

Manager  -  j 
Complaints  Coordinator  -  1 
Field  Inspector  -  i 

3 


District  I 


Manager 

Assistant  Manager  -> 
Office  Staff  - 
Field  Inspectors  - 


District  II 


Manager  - 
Assistant  Manager 
Office  Staff  - 
Field  Inspectors  - 


District  III 


Manager  - 
Assistant  Manager 
Office  Staff  - 
Field  Inspectors  - 


District  IV 


Manager  - 
Assistant  Manager 
Office  Staff  - 
Field  Inspectors  - 


Total  Staff 

Plus  four  vacancies 
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3*       Duties  of  Field  Inspectors 

Supervises,  witnesses,  tests  and  records  data  on  well 
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complaints;  makes  recommendations  based  on  the  findings- 
advises  complainant  of  action  taken.    Ch«ks  field  8 
operations  upon  receipt  of  notice  of  intention  to  drill 

?^is«ie«;  S1?8'  aban?°n  Wells  to  in"re  Jomju^ce'vith 

drllllH  Zrlrl<B  r?8ulati°n8-     Inspects  prodSctJSn and 

drilling  practices  to  insure  that  rules  and  reaulationa 
pertaining  to  drilling,  casing,  cementJn"  p"ggi™  HI 
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Oil  &  Gas  Conservation  Division 


Charles  D.  Davidson,  Director 


The  Corporation  Consuls s ion  it  charged 
by  statute  to  prevent  waste  of  Oklahoma's 
hydrocarbon  reserves*  protect  the  environ* 
sent  from  oil  and  gas-related  pollution 
and  preserve  the  correlative  rights  of  all 
parties  who  have  the  right  to  benefit  from 
the  production  and  sale  of  oil  and  gas. 

Administrative  and  technical  phases  of 
this  responsibility  are  handled  by  the  Oil 
and  Gas  Conservation  Division.  During 
FY86,  the  division  operated  at  maximum 
strength  of  134  clerical 9  technical  and 
management  specialists--63  in  the  Oklahoma 
City  headquarters  and  71  working  in  or 
from  district  offices  at  Bristow,  King- 
fisher, Duncan  and  Ada. 

Charles  D.  (Jack)  Davidson  was  named 
director  of  the  Oil  and  Gas  Conservation 
Division  in  December  1985.  He  was  select- 
ed from  among  more  than  100  candidates. 

Davidson  assumed  his  duties  just  two 
months  after  retiring  from  Phillips  Petro- 
leum Co.  as  president  and  general  manager 
of  Phillips*  Norway  Exploration  and  Pro- 
duction Group,  the  company's  North  Sea 
operations  group  responsible  for  man- 
agement of  assets  valued  at  about  $7  bil- 
lion. Davidson  is  a  graduate  of  the  Uni- 
vers  ity  of  Kans  as »  with  a  bache lor  * ■ 
degree  in  petroleum  engineering  and  geolo- 
gy ,  and  the  Harvard  Bus  iness  School  *  s 
Advanced  Management  Program.  He  worked 
for  Phillips  Petroleum  31  years. 

New  technical  capabilities  and  addi- 
t  iona 1  respons  ibi 1 it ies  highl ighted  Oil 
and  Gas  Division  activities  in  FY86. 

The  first  two  phases  of  the  Veil  Data 
Maintenance  System  (VDMS),  a  computerised 
well  information  tracking  and  storage 
system,  went  on  line  in  FY66.  Those  two 
phases— Surety  and  Intent -to-Dr  ill-- 
collect  end  process  data  concerning  pro- 
posed wells  from  application  for  a  drill- 
ing permit  to  spudding. 

In  March  1986,  the  division  became  the 
Vlahoma- agent  for  the  federal  Environmen- 
al    Protection   Agency    for    a   survey  to 
locate  underground  tanks  used  for  storage 
of   petroleum  products  and  other  hazardous 
substances • 

The  survey  was  the  first  phase  of  a 
nationwide   EPA   program  to  protect  people 


and  the  environment  from  leaking  under- 
ground tanks.  The  division  also  estab- 
lished a  LUST  (Leaking  Underground  Storage 
Tanks)  unit  to  work  with  the  EPA  on  later 
phases  of  the  federal  program. . 

The  Oil  and  Gas  Division  has  four 
departments:  Administrative,  Field  Opera- 
tions, Pollution  Abatement  and  Technical. 

Administrative 

The  Administrative  Department  is 
responsible  for  document  handling  and 
processing,  word  processing,  well  records 
management ,  public  information  services 
and  oil  and  gas  production  records. 

The  Veil  Records  Section  is  the  offi- 
cial repository  for  all  geographic,  geo- 
logic, and  operational  information  about 
all  oil  and  gas  wells  drilled,  produced 
and  abandonded  in  Oklahoma.  The  documents 
are  available  for  public  review  and  are 
primary  research  tools  for  Commission 
regulatory  actions  and  industry  planning 
of  new  drilling  activities. 

Steps  were  taken  in  FY66  to  improve 
and  'enhance  public  accessibility  to  oil 
and  gas  records.  To  comply  with  the  Open 
Records  Act,  which  became  effective  Nov. 
1 ,  1965 ,  the  Well  Recorda  Section 
established  a  copying  station  exclusively 
for  making  copies  of  paper  records  avail- 
able for  public  purchase.  In  March  1986, 
a  aervlce  window  wes  installed  to  speed 
handling  of  requests  for  microfilm  and 
■icroficbe  records. 

Revised  Oil  and  Gas  Rules  end  Regula- 
tions were  published  in  January  1986.  A 
charge  of  $6  per  book  was  established  to 
cover  the  cost  of  providing  updates  when 
rules  are  revised.  The  automatic  update 
system  assures  that  operators  will  always 
have  current  information  available  on  the 
regulatory  requirements  of  the  Corporation 
Commission. 

During  FY86,  the  Veil  Records  Section 
processed  and  filed  9,921  new  records,  a 
decline  of  16%  from  the  11,827  new  records 
in  FY65.  The  decline  resulted  from  a 
downturn  in  Oklahoma  oil  and  gas  activity. 
The  Information/Public    Interest  Sec- 
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Bnergenay  Team  member*  Tomty  Duncan  (lift) 
and  £•  F.  Fegal  demonstrate  life  support 
equipment  at  a  eeminar  on  hydrogen  sulfide 
survival.  E-T&sn  members  are  specially- 
trained  field  inspectors  who  assist  law 
enforcement  officers  in  oil  field  BJ5  aro- 
mrgencies  and  teach  BgS  safety. 

tion  was  created  in  1961  by  the  legisla- 
ture as  the  Complaints  and  Information 
Department  t6  serve  as  an  advocate  for 
mineral  and  surface  owners  in  dealings 
with  oil  and  gas  producers  and  buyers. 

Responsibilities  have  been  expanded  to 
include  providing  general  information  on 
oil  and  gas  matters  by  telephone  and  dis- 
tribution of  printed  materials.  The  name 
of  this  unit  was  changed  in  FY86  to  pro- 
ject a  more  positive  image  and  reflect  a 
declining  number  of  complaints  received. 

During  FY86,  the  Information/Public 
atereet  Section  handled  10,006  public 
contacts,  a  26.6%  decline  from  the  13,648 
contacts  in  FY84  and  13,639  contacts  in 
FY85.  In  response,  staffing  was  reduced 
from  three  to  two  investigators. 


The  Oil  and  Gas  Production  Allowables 
Section  tracks  production  from  approxi- 
mately 102,000  oil  veils  and  25,000  gas 
wells  to  essure  production  does  not  exceed 
amounts  authorized  by  the  Corporation 
Coco  is* ion.  During  FY86,  54  oil  and  792 
gas  wells  were  identified  as  overproduc- 
ing, and  appropriate  actions  were  taken  to 
bring  the  wells  back  into  compliance  with 
Commission  orders. 


Field  Operations 

The  Field  Operations  Department 
enforces  rules  and  regulations  for  oil  and 
gas  wells  and  related  structures  such  as 
reserve  pits,  disposal  wells  and  pits, 
tank  batteries  and  piping,  and  the  move- 
ment and  storage  or  disposal  of  crude  oil, 
drilling  chemicals  and  salt  water. 

The    downturn  in  drilling  activity 
not  reduce  the  field  inspectors*  workload. 
While   drilling   decreased,  well  pluggings 
and  well  abandonments  increased. 

Pollution  control  was  a  top  priority 
for  field  operations  personnel  in  FY86. 
Inspectors  investigated  all  proposed  off* 
site  disposal  pit  locations,  checking  for 
soil  type,  surface  proximity  of  under- 
ground water  and  the  engineering  design  of 
fluid  disposal  ponds.  They  slso  monitored 
operations  of  licensed  pits  and  investi- 
gated pollution  problems  caused  by 
unplugged  abandonded  wells,  reserve  pit 
cuts,  illegal  dumping  of  drilling  wastes, 
oil  spills  and  pipeline  leaks. 

Field  operetions  Inspectors  and  manag- 
ers continued  to  achieve  a  high  rate  of 
success  in  resolving  complaints  and  rules 
violations •  Of  138 , 750  complaints 
investigated,  110 ,566  (79 . 68%)  were 
resolved  in  the  field.  Only  206  com- 
plaints required  legal  action  to  obtain 
compliance. 

Installation  of  computers  in  the  four 
district     offices    gave    field  person* 
instant    access    to    intent-to-drill     *~  . 
surety  information. 

Field  inspectors  worked  122,535.5  man 
hours  in  FY66.  The  largest  share  (27.64%) 
was  spent  conducting  inspections .  The 
second  largest  share    (14,072)    was  spent 
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rES^^f  *nd  »«olving  complaint.. 
v.hJli!P    !?*°nS  P^nnel  lo««d  886,159 

2S ;  in  ;sr  tad  52-8  heiic^«  «**t 

Pollution  Abatement 

%Th«    Pollution    Abatement     TUn**.*.— - 

farming  and  pollution    "olXLn    i!i  °" 

era  ^    dosing  or  reworking  10  oth- 

The  department  also  developed 
ods    for    Improving  T     ?  «»etn- 

od  of  disno.^.  L  farming,  a  neth- 

T«.  *i  J*,*^  lng  of  ""ain  types  of  d-ill- 

Sl  by  BlXin8  than  into  soil" 

Tto«    guidelines    culminated    an  IB-Iltti 

Tha  avantual  goal    of    .oil  J."!" 

lin«rh%depaJt"Mt  *l8°  developed  guide- 
lot!L J, BUltablllty.  tohelp'JvoId 
•r  SJ^  ?*  Plt"  -t  «e°lo«ically  unstable 

:°  "£ran*th*a  requirement,  for  pit  pe«it- 
^cloC.°unr:rUCtl0n'  °PM"i0n»  «-^n«c. 
roddur«1P  aT^S    pr°"ssl»*    tiffl*  and 

mmuxg     Information    required    by  tha 
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Coanission,  and  lists    rules    and    ~  , 
tions  for  pit  operation™  fegula 

Tochnteal 

■ervices.  ^    Ma  8e°l°gica: 

in  rJflfi'^0r  Engijleeri»8  Section  activity 
m  FY86  was  processing  and  makin*  r.  5 
■endations  on  a  larje  number  of  4001"" 
£S.'°i  hard5\iP  m5  ^"ressed  2  mII 

!«  *a  c'o^iL": ,oft  Barket  f0r  n"u 

««.     A    Commission     prioritv     RrKaj  i 

52=.  eifi 

distressed  wells-well thIT,£5?hip  Md 
damage  if  they  are  ^'p^eS?"  ™«* 

The  Geology  Section    investigate  -n 

so.  h1**  Cii«^i£22s  u-s 

trie  logs  and  cement  bond  logs  1.2'  Si 

This  allow,  discovery  and  resolution 
iLs'TJ'^t1  prob^s  Prior  "  hUe«° 

-aftar  hf.r<!     I"*1'    techni«l  disputes 
after  hearings  have  been  conducted. 

revi^d^l^n6'  thB  Technical  Apartment 
wIepTIon  :J5°  *P*cln*.  1.650  location 
£plica??on^  t.1'098  lncraa5ed  ^nsity 
2  di!a2EL.,Th*  "Vi,W  process  resulted 
in   disapproval    recommendations    for  S74 


of     the     4,308  applications 


.  (13.32%) 
reviewed. 

The  Natural  Gas  Policy  Act  (NGPA) 
f*"*™  c^"lfl«»  «as  well,  la  Oklahoma 
according  to  categories  established  by  tha 
£?'5!},  N"u"l  Gas  Policy  Act  of  1978. 
Classification  is  required  to  p era it  oper- 

established  for  each  of  tha  categories. 

Classification  applications  require 
from    four  months  to  eight  ■onthi  for  pro- 

***  ?°  a  backlo«  of  «PPlication« 
and  the  complex  geological  and  engineering 
data  that  Bust  be  evaluated  to  natch  each 
well  ■  profile  against  federal  NGPA 
requirements  that  define  well  categories. 
Although  about  60%  of  the  nation's 
"PP1*  was  deregulated  in 
•arly  1985,  the  NGPA  Section  operated  at 
full  capacity  in  FY86.  The  NGPA  Section 
received  3,173  classification  application? 
and  processed  4,179  applications.  At  the 
•nd  of  the  year,  approximately  850  filings 

"??ltin?  PrOMS*in«  with  additional 
applications  being  received  at  a  rate  of 
about  250  per  month.  * 

S.e*?i!   ^.rground     Injection  Control 
protect«    underground  fresh  water 
•upplies    by    assuring   that  underground 


wells  used  for  disposal  of  salt  water  »n* 
faction  of  fluids  in  enhanced  oil  Td 
Sas  recovery  projects  are  constructed  h 
operate  properly.  a 
The  UIC  Section  processes  injection 
«•»  •PPHcations  to  determine  site  .Su- 
ability and  well  construction  require- 
■ents,  and  recommends  issuance  or  denial 
of  permits.  During  FY86,  the  UIC  r.ce^d 
«<i  processed  1,049  applications  f" 
various  type,  of  injection  wells  2£ 
recommended  915,  or  67.21,  for  permitting 
mr  Thr?u*h  i°»P«ctions  and  testing,  the 
UIC  monitors  well  operation*  to  „SJ„ 
mechanical  integrity  in  accord  with  f«de" 
al  Environmental  Protection   Agency  stan- 

Mt«  Si',?"^?"0?  °f  "»d««««nd  fresh 
water.  Well  monitoring  is  done  by  Oil  and 
Gas    Division  field  inspectors  and  through 

ZJfcSS?*' wlth thB 0kl'hOBa  Dep-"»«t 

UIC     information    files    and  control 
procedures  are  being   upgraded    in  ant'e- 
ipation     of     increasing    injection  well 
activity  .»  Oklahoma's  mJtu™    oil    fi! fi 
require   more    and  more  secondary  and  ter- 

H?7  r"ov,rv  work  *o  produce  remaining 
hydrocarbon  reserves.  * 
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OIL  4  CAS  CONSERVATION  DIVISION  -  TT86  WORK  LOAD  DATA 


District 

District 

District 

District 

Field 

X  of 

WORK  CATEGORY 

#  1  (WE) 

$  2  (W) 

♦  3  (SW) 

#  *  (SE) 

Totsl 

Totsl 

Uodetsrouad 

Injection  Control 

5554,3 

2458 

3963 

4663 

16568.5 

13.52 

Well  TaStlfiS 

iS5 

3017 

915 

866 

4985 

4.07 

Coop  1 since 

IOVfiBtlflfttiOtl 

433t 

3473 

7170.5 

2238 

17240.5 

14.07 

Inspections 

7426.3 

6099 

8506 

11840 

33871.5 

27.64 

Consultation* 

1431 

4275 

3769 

3866 

15361 

12.53 

Water  Analysis 

•4 

296 

326 

168 

694 

0.73 

Reports 

2713.5 

2467.5 

2648.3 

2399 

10428.3 

6.31 

Court  Tostlsnny 

522.5 

204 

286 

265.5 

1296 

1.06 

Heatings /Conf. 

1844 

2566 

2062 

1585.5 

6057.5 

6.36 

Well  PluMlft*» 

21  SO 

4879 

4U6 

2656 

13831 

11.29 

TOTALS 

28300 

29934.5 

33712 

30789 

122535.5 

100.00 

mm  HUES 

210.294 

226*869 

223,713 

225.263 

886.159 

TRAVEL  COST 


$43,110      846.555       $45,800    $46,183  $181,648 


IWTEHT  TO  DRILL  AFTUCATIOHS 
rises! 


Tsar 

Agpl. 

Approved 

2  Appr. 

Dleappr. 

1980 

17.167 

14.915 

86.98 

2.232 

1981 

24.509 

21.477 

87.63 

3.032 

1962 

22.679 

20.996 

92.59 

1.683 

1963 

15.306 

14,516 

94.84 

790 

1984 

16*147 

15.346 

95.04 

801 

1985 

14.482 

13,992 

96.62 

490 

1986 

10.268 

9.988 

97.09 

300 

HCPA  APPLICATIONS  - 

Fiscal 

Tsar 

Withdrawn 

Racfclom 

Do  tor. 

1980 

3.950 

193 

3.371 

3.616 

1961 

5.145 

132 

3.162 

5.442 

1982 

6.931 

154 

3.921 

6.016 

1983 

5,223 

137 

2.452 

6.555 

1984 

4.261 

112 

1.161 

5.440 

1985 

4.237 

113 

1.266 

4.019 

1966 

2.173 

119 

650 

4,179 

VQ1  RECORDS 

CERTIFICATES  OF 

PROCESSED 

6  FILED 

W0N~DE7EL0PMEHT 

1980 

6.709 

7.312 

11 

11.470 

19.204 

n 

15.613 

30.019 

A963 

17.845 

12.919 

1964 

16.691 

16.637 

1985 

11.827 

10.779 

1966 

9.921 

7.966 

PHDEEGROOtP  IHJBCTIOE  COKTROL  *  FT  66 

Permits  For: 

Salt  Water  Disposal 
Enhanced  Rsewrary  Injections 
Annular  Injection 
Secondary  Eacovery  Unite 
Coewerclal  Dispossl  Welle 

TOTALS 


PIFORMATIOW  6  PUBLIC  SERVICE  *  PUBLIC  CONTACTS 


*PPr,: 

2  Appr. 

461 

450 

93.56 

443 

362 

61.72 

92 

84 

91.30 

15 

9 

60.00 

18 

 10 

55.56 

1.049 

915 

67.23 

Fiscal 

Taar 

Walk-In 

Letters 

Tslephone 

Total 

1963 

653 

912 

7,262 

8,827 

1984 

746 

872 

12,030 

13.646 

1995 

689 

973 

11,977 

13.639 

1986 

357 

707 

8,742 

10.006 
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ATTACHMENT  C 


TO  COMMENT  ON 


CHAPTER  VII  -  CURRENT  REGULATORY  PROGRAMS 


In  addition  to  State  laws  and  regulations  governing:  1)  Reserve  Pit 
Design,  2)  Construction  and  Operation,  3)  Reserve  Pit  Closure/Waste 
Removal,  4)  Produced  Water  Surface  Discharge  Limits,  5)  Produced 
Water  Injection  Well  Construction,  and  6)  Well  Abandonment/Plugging, 
the  Bureau  of  Land  Management  strictly  regulates  these  activities  on 
federally  controlled  lands  under  30  CFR. 

Specific  comments  include: 

California  -  Table  4,  "Produced  Water  Surface  Discharge  Limits." 
Column  titled  "Onshore"  should  be  deleted  as  this  is  not  a 
limitation. 

Louisiana  -  Table  2,  "Reserve  Pit  Closure/Waste  Removal."  Column 
titled  "Surface  Water  Discharge"  should  include  a  statement  that 
"discharges  must  conform  to  applicable  State  and  Federal  discharge 
programs."  These  programs  may  require  additional  limits  other  than 
those  stated  and  this  column  should  incorporate  that  fact. 

New  Mexico  -  Table  5,  "Produced  Water  injection  Well  Construction." 
Column  "MIT  Pressure  and  Duration".  Rule  704  states  that  a  minimum 
pressure  of  300  psi  should  be  used  unless  an  exception  is  obtained 
from  the  New  Mexico  Oil  and  Gas  Commission. 

Oklahoma  -  Table  3,  "Produced  Water  Pit  Design  and  Construction*" 
Column  "General  Statement  of  Objective/Purpose"  should  delete  ..."in 
addition  off  site  pits  must  contain  fluids  with  less  than  3,500  ppm 
CI."  This  should  be  replaced  with  "General  and  Area  guidelines 
provide  specific  design  and  construction  limits  for  commercial  and 
non-commercial  reserve  pits." 
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W.  Virginia  -  Table  2,  "Reserve  Pit  Closure/Waste  Removal."  Column 
"Surface  Water  Discharge"  should  include  the  statement  "Permit 
Req'd.  Discharges  unfit  for  domestic  livestock  or  other  general  use 
prohibited."    This  is  applicable  to  reserve  pits  also. 

Texas  -  Table  4,  "Produced  Water  Surface  Discharge  Limits"  Column 
"Coastal/Tidal"  should  delete  ..."but  skimming  required  to  prevent 
oil  in  tidal  waters."  This  should  be  replaced  with  "discharges  must 
meet  15  mg/1  Oil  and  Grease  limit." 

Ohio  -  Table  2,  "Reserve  Pit  Closure/Waste  Removal."  Column  "Land 
Disposal/Application"  should  delete  "Drilling  fluids  may  be  disposed 
of  by  land  application."  This  should  be  replaced  with  "contamina- 
tion of  the  surface  of  the  land  is  prohibited." 

The  Column  "Road  Application"  should  include  "Individual  Permit; 
Specifications  Prescribed  in  Regulation."  Ohio  law  permits  local 
Government  to  allow  surface  application  of  brine.  "Brine"  has  a 
broad  definition  and  includes  drilling  fluids  I 

Arkansas  -  Table  1,  "Reserve  Pit  Design,  Construction  Design  and 
Operations."  Column  "General  Statement  of  Obejctive/Purpose"  should 
delete  • . ."but  regulatory  basis  and  legal  enforceability  not 
supported  by  (OGC)."  This  is  not  correct.  The  Oil  and  Gas  Commis- 
sion (OGC)  has  authority  over  the  oil  and  gas  industry  and  takes  an 
active  part  in  enforcing  rules  and  regulations  applicable  to  the  O&G 
industry.  The  Department  of  Pollution  Control  and  Ecology  (DPCE) 
has  authority  to  enforce  environmental  laws  and  regulations.  OGC 
and  DPCE  work  together  to  see  that  the  O&G  industry  is  in  compli- 
ance. 

Wyoming  -  Table  4 ,  "Produced  Water  Surface  Discharge  Limits . " 
Column  "Beneficial  Use"  should  contain  "Same  As  Onshore." 
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CONTAMINATION  DF  GROUNDWATER  FRQH  RESERVE  PITS 


ADMIN/ 

EPA        EPA       NON     NON    PEW-  VIOLATES  UNSUB-     MAJOR  CONTAIN    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE       DANA6E    RCRA  CURRNT   IN6     CURR     STAN-     FACTS         CO.         RESOURCE    HASTE  HENT 
NQ.      CATASQRY  ISSUE  PRACTICE  CASE    RE6S    TIATED  DISPUTED        NAME  ACTION 


0H49       PROD  V  Y  NOT  LIST        GND  HTR    MUD  DAMAGE  TO  FRESH  HATER  HELL,  INSUFFICIENT  DETAIL  ON  EXACT  SOURCE 

THE  SOURCE  OF  DAMAGE  TO  THE  FRESH  HATER  NELLS  IS  UNCERTAIN.  IT  MAS  UNDETERMINED  WHETHER  DAMAGE  HAS 
RELATED  TO  DRILLING  OR  MORE  LIKELY  FROM  HATER  ANALYSIS  OLD  PRODUCTION  PITS. 
THE  EPA  CONTRACTOR  DESCRIPTION  OF  OPERATIONS  LISTS  THE  CATEGORY  AS  "PRODUCTION". 

IN  ANY  CASE,  THE  CASE  IS  A  VIOLATION  QF  CURRENT  OHIO  REGULATIONS  REGARDIN6  DRILLING  MUD  AND  PRODUCED  HATERS. 
OHIO  REGULATIONS  FOR  DRILLING  MUDS:   1)  PROHIBIT  ESCAPE  OF  BRINE  AND  CONTAMINATION  OF 
LAND,  SURFACE  HATER  AND  GROUNDWATER  2)  REQUIRE  LINERS  IN  HYDROGEOL06IC  BASINS  (LINERS 
HOULD  BE  REQUIRED  IN  THE  AREA  OF  THIS  DAMAGE  CASE).  ALSO, 

OHIO  REGULATIONS  FOR  PRODUCED  HATER  REQUIRE  SURFACE  PITS  CONTAINING  PRODUCED  HATER  MUST  BE  LIQUID  TIGHT, 
PRODUCED  HA7ER  CANNOT  BY  STORED  MORE  THAN  ISO  DAYS  AND  PITS  CANNOT  BE  USED  FOR  ULTIMATE  DISPOSAL. 

HI04       PROD/DRLG         Y  Y  NOT  LIST        GND  HTR    MUD/PROD  1975  CASE  DEALING  WITH  UNLINEO  PITS  CURRENTLY  BANNED 

PIT  HTR 

THIS  CASE  OCCURRED  IN  1975.  SINCE  1975,  MICHIGAN  HAS  ADOPTED  REQUIREMENTS  (299.1304;  299.1601FF) 

FOR  THE  USE  OF  LINED  PITS  IS  THIS  AREA. 


OKOB       DRLG  Y  HI-HISC         GND/SURF  MUD  Y 

HTR  A  SOIL 

IN  THIS  CASE,  EPA'S  CONTRACTOR  INCLUDED  STATE  COMMENTS  HHICH  UNDERLINE  THE  FACT  THAT  THE  OCC  ACTED 
ON  A  COMPLAINT  BY  A  LANDQHNER  AND  DIRECTED  THE  OPERATOR  TO  REMOVE  THE  CONTENTS  OF  A  PIT  THAT 
VIOLATED  OCC  RULES  BY  CONSTRUCTION  OF  THE  PIT  IN  A  FRACTURED  SHALE.   FURTHERMORE,  THE  OCC  IS 
IN  THE  PROCESS  OF  DEVELOPING  ADDITIONAL  REGULATION  TO  PREVENT  THE  LEACHING  OF  HIGH  SALT  MUDS  INTO 
GRPUNDHATER. 

IN  ADDITION,  COLUMN  TESTS  CONDUCTED  IN  THE  API  PRODUCTION  HASTE  STUDY 

AS  HELL  AS  RESEARCH  CONDUCTED  BY  DR.  L.  CANTER  OF  THE  UNIV.  OF  OKLAHOMA  ENVIRONMENTAL  DEPARTMENT 
PRESENTED  AT  THE  1986  DRILLING  MUD  SYSPOSIUH  IN  NORHAN  OKLAHOMA  CONCLUDE  THAT  METALS 
OF  CONCERN  ARE  VERY  TIGHTLY  HEALD  IN  DRILLING  MUDS  BENTONITE  CLAY  MOLECULAR  STRUCTURE  AND 
THERE  IS  NO  DATA  TD  SUPPORT  POLLUTION  MIGRATION  OF  BARIUM,  CHROHIUH  OR  ARSENIC. 


LEAKING  PIT  IN  VIOLATION  OF  OCC  RULES  ORDERED  CLOSED 
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0K02 


KS05 


BfiLG 


NOT  LIST 


SURF/GND  HUD 
HTR  &  SOIL 

API  COMMENTS  IN  EPA'S  DOCKET  INDICATE  NO  DAMAGE  HAS  BEEN  DOCUMENTED  FROM  THIS  CASE. 
EPA'S  CONTRACTOR  IS  REPORT I NB  ON  A  CASE  WHERE  THE  ONLY  DATA  SOURCE  USED  IS  THE 
PLAINTIFFS  ATTORNEY  IN  A  PENDING  LAN  SUIT  IN  CIVIL  COURT  FOR  DAMAGES.   API'S  COMMENTS  WHICH 
WERE  REJECTED  FOR  A  LACK  OF  DOCUMENTATION  WERE  OBTAINED  FROH  THE  OKLAHOMA  CORPORATION 
COMMISSION  AND  THE  DEFENDANT'S  ATTORNEY.   API  IS  CONCERNED  THAT  EPA'S  CONTRACTOR  MAY  BE 
USING  A  DIFFERENT  STANDARD  FOR  DOCUMENTATION  FOR  THEIR  INFORMATION  THAN  API'S. 
THIS  CASE  IS  AN  EXAMPLE  OF  DIFFICULTIES  USING  DATA  FROM  PENDING  LAN  SUITS  WHERE  FACTS 
HAVE  VET  TO  BE  EVALUATED  AND  JUDGEMENTS  MADE  BY  THE  COURT. 

NEVERTHELESS,  OKLAHOMA  HAS  PERFORMANCE  STANDARDS  PROHIBITING  LEAKAGE  OF  RESERVE  PITS 
INTO  GROUNDWATER  (SEE  GK08  COMMENTS  FOR  ADDITIONAL  DETAILS) 


1973  CLOSED  DRILLING  PIT  ALLEGEDLY  SEEPING  INTO  SURF  WTR.,  CASE  PENDING 


DRLG 


NOT  LIST 


GRN  WTR    SALT  WTR  Y 


UNLINED  DRILLING  PIT  THOUGHT  TO  BE  LEACHING  SALT  INTO  FRESHWATER  WELL 


KDHE  AND  KCC  HAVE  SUBMITTED  COMMENTS  IN  EPA'S  DOCKET  SUBSTANTIATING  THAT  THE  POLLUTION  SOURCE 
WAS  NOT  THE  REFERENCED  DRILLING  RESERVE  PIT.  EPA'S  CONTRACTOR  DISPUTES  THE  STATE  AGENCY  FACTS 
DESPITE  EXTENSIVE  INVESTIGATION  INTO  THIS  INCIDENT  BY  TWO  STATE  AGENCIES. 

NEVERTHELESS,  KANSAS  ISSUED  "LEASE  MAINTENANCE"  RULES  ON  MAY  13,  1987  THAT  SHOULD  SERVE  TO  PREVENT 
THIS  TYPE  DAMAGE.   THE  RULES  REQUIRE  PERMITS  FOR  ALL  PITS  (DRILLING  AND  PRODUCING), 
EMPTY  I N6  OF  EMERGENCY  PITS  WITHIN  48  HOURS,  NOTIFICATION  OF  SPILLS  WITHIN  24  HOURS  AND 
SPECIFIC  PENALTIES  APPLICABLE  FOR  EACH  VIOLATION.   IN  ADDITION,  KCC  HAS  AUTHORITY  TO 
SHUTDOWN  AN  OPERATOR  TO  ENFORCE  ITS  REGULATIONS. 


n 


SURFACE  DAMAGE  RELATED  TO  LAHDSPREADING  OF  RESERVE  PIT  CONTENTS 


EPA        EPA       NGN     NON    PENO-  VIOLATES  UNSUB-  MAJOR 
CASE       DAHA6E    RCRA  CURRNT  ING     CURR     STAN-  FACTS 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED 


ADMIN/ 

CONTAIN    CONTAIN  ENFQRCE- 
CO.         RESOURCE    HASTE  NENT 
NAME  ACTION 


WV13  DRLG 


TONER  DRL6  SOIL 


EPA  CASE  DESCRIPTION 


MUD 


LANDFARMING  OF  DRILLING  MUDS  DAMAGED  VEGETATION  FROM  SALT  CONTENT 


THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION 

THE  CASE  IS  IN  ERROR  REGARDING  STATE  REGULATIONS  ON  ALLOWABLE  LAHDSPREADING 

SINCE  THIS  INCIDENT  ADDITIONAL  REGULATIONS  HAVE  BEEN  PROMULGATED  LIMITING  CHLORIDES  LANDSPREAD  TO  12,500  PPM  NO 
DISCHARGES  OVER  25,000  GALLONS  PER  ACRE  AND  NO  CHLORIDE  LOADINGS  OVER  600  LB  PER  ACRE.  ' 
NVDNR  COMMENTS  TO  EPA'S  INTERIM  REPORT  PROVIDE  ADDITIONAL  DOCUMENTATION  AND  STATE 
DAMAGE  FROM  THIS  1986  INCIDENT  NAS  SHORT  TERM  AND  HAS  FULLY  RECOVERED. 
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LA20 


ALLOWABLE  DISCHARGE  OF  DRILLING  HUD  INTO  GULF  COAST  ESTUARIES 


EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-  MAJOR 
CASE       DAMAGE    RCRA  CURRNT   ING     CURR     STAN-  FACTS 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED 


CD. 
NAME 


CONTAIN 
RESOURCE 


ADMIN/ 
CONTAIM  ENFORCE- 

waste  mi 

ACTION 


EPA  CASE  DESCRIPTION 


DISCHARGE  Y 


Y 


WOODS  PET       SURF  MTR  HUD 


PERMITTED  DISCHARGE  OF  HUD  THAT  STATE  ORDERED  STOPPED 


THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION  AND  CONTAINS  SEVERAL  ERRORS. 
THE  DISCHARGE  FROM  THIS  1985  DRILLING  OPERATION  NAS  INITIALLY  AUTHORIZED  BY  THE  WPCD. 
UPON  ADDITIONAL  STUDY,  THE  WPCD  ORDERED  THE  DISCHARGE  DISCONTINUED  DUE  TO  ITS  PROXIMITY  TO 
OYSTER  BEDS.   THE  STATE  FILE  CONTAINS  NO  INFORMATION  ON  DAMAGE  TO  THE  OYSTERS  OR  BIOACCUHULATION. 
THE  STATEMENTS  ABOUT  HUDS  CONTAINING  HIGH  LEVELS  OF  TOXICS  IS  UNSUBSTANTIATED. 
SINCE  1985,  LOUISIANA  HAS  ADOPTED  ADDITIONAL  REGULATIONS  CONTROLLING  DISCHARGES  INTO 
INLAND  AND  COASTAL  HATERS  UTILIZING  INDIVIDUAL  PERMITS.   IN  ADDITION,  OPERATORS  ARE  NOT  ALLOWED 
TO  DISCHARGE  WITHIN  1300  FEET  OF  OYSTER  BEDS. 

THE  CASE  SHOULD  REFLECT  STATE  ACTION  (PERMITS)  ARE  REQUIRED  TO  DISCHARGE  AND  NOT  TO  CEASE  DISCHARGES 
ADDITIONAL  DOCUMENTATION  MAY  BE  FOUND  IN  STATE  FILE  NO.  6P00249A 
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DAMAGE  FROM  ARTIC  NORTH  SLOPE  DRILLING  RESERVE  PITS 


EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-  MAJOR 
CASE       DAMAGE    PCRA  CURRNT   IKG     CURR      STAN-      FACTS  CO. 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED  NAME 


CONTAIM 
RESOURCE 


ADMIN/ 
CONTAIM  ENFORCE- 
WASTt  MENT 
ACTION 


EPA  CASE  DESCRIPTION 


AK06 


AK07 


AK08 


DISCH/PIT 


N/S  OPERATORS  SURF  WTR  MUD 


DRAFT  STUDY  OF  PERMITTED  DISCHARGES 


AKD6  IS  A  REPORT  ON  CONCERNS  RAISED  BY  STUDIES  CONDUCTED  ON  RELEASES  FROM  RESERVE  PITS. 

THE  REPORT  HAS  CRITICIZED  FOR  LACK  OF  TECHNICAL  SOUNDNESS  AND  FWS  WILL  NOT  RELEASE  A  FINAL  STUDY 

FOR  REVIEW  TO  EITHER  THE  STATE  OR  INDUSTRY.   THEREFORE,  IT  IS  IMPROPER  TO  CHARACTERIZE  THE  STUDY 

DRAFT  FINDINGS  AS  "DAMAGES".   IT  SHOULD  ALSO  BE  NOTED  THAT  ALASKA  DELIBERATED  OVER  THE 

ALLOWABLE  DISCHARGE  LIMITS  FOR  THE  CONTAMINANTS  OF  CONCERN  (EG  METALS).   PUBLIC  HEARIN6S  MERE  CONDUCTED. 

AS  A  RESULT,  THE  ALASKA  DEPARTMENT  OF  ENVIRONMENTAL  CONSERVATION  (ADEC)  BELIEVES  THAT  THE 

PERMITTED  DISCHARGES  TO  THE  TUNDRA  DO  NOT  POSE  A  THREAT  TO  HUMAN  HEALTH  OR  THE  ENVIRONMENT. 


DISCH/PIT 


N/S  OPERATORS  SURF  NTR  MUD 


STUDY  OF  RESERVE  PIT  FLUID  TOXICITY  ON  DAPHNIA 


AK07  IS  ALSO  A  FISH  AND  WILDLIFE  STUDY  THAT  DRAWS  UNSUBSTANTIATED  CONCLUSIONS.  REPORT 

FINDINGS  SUBSTANTIATED  ONLY  THAT  RESERVE  PITS  AND  ARCTIC  PONDS  DIFFER  IN  ABILITY  TO  SUPPORT  DAPHNIA  POPULATIONS. 
DAPHNIA  ARE  A  SPECIES  BEING  CONSIDERED  FOR  USE  AS  A  TOXICITY  INDICATOR. 
SEE  ALSO  COMMENTS  ON  AKO&  REGARDING  TUNDRA  DISCHARGES. 


DISCH/PIT 


N/S  OPERATORS  SURF  WTR  MUD 


STUDY  OF  EFFECT  OF  DRILLING  FLUIDS  ON  FISH  AND  WATERFOWL  HABITAT 


AK08,  LIKE  AK06  AND  AK07  SHOULD  NOT  BE  CHARACTERIZED  AS  A  DAMAGE  CASE.  IT 

DOES  NOT  ESTABLISH  A  LINK  BETWEEN  ELEVATED  LEVELS  OF  ORGANIC  OR  INORGANIC  COMPOUNDS 

IN  PONDS  AND  LOWER  PRODUCTIVITY  OF  THOSE  PONDS.   FURTHER,  THE  STUDY 

IGNORES  THE  FACT  THAT  RESERVE  PIT  DISCHARGES  ARE  PROHIBITED 

WITHIN  ONE  YEAR  OF  THE  LAST  PIT  USAGE  AND  THAT  NATURAL  RUNOFF 

DURING  THE  SPRING  THAW  EFFECTIVELY  "FLUSHES"  THE  TUNDRA  AND  WOULD 

PREVENT  THE  ACCUMULATION  OF  ORGANIC/ INORGANIC  COMPOUNDS  IN  TUNDRA  PONDS. 

SEE  ALSO  COMMENTS  ON  AK06  REGARDING  RUNDRA  DISCHARGES. 


AK12       DISCH/PIT         Y  Y  US  GOVERNMENT  WTR/SOIL  MUD 

AK12  IS  AN  NPRA  RESERVE  PIT  WHICH  FAILED  AFTER  OPERATIONS  CEASED. 
PAST  US  GOVERNMENT  DRILLING  PRACTICES  IN  THE  NPRA  WERE  TO  LEAVE  RESERVE  PITS  FOR  EXPLORATION  NELLS 
OPEN  INDEFINITELY.   HOWEVER,  CURRENT  REGULATIONS  REQUIRE  THAT  DRILLING  PITS  BE  CLOSED  WITHIN  ONE  YEAR 
FROM  THE  CESSATION  OF  OPERATIONS.    IT  SHOULD  ALSO  BE  NOTED  THAT  WELL  SITE  PLANTS  WERE 
GROWING  VIGOROUSLY  BY  THE  TIME  THE  SITE  ASSESSMENT  WAS  COMPLETED  IN  1984. 


NPRA  RESERVE  PIT  FAILURE  DUE  TO  PAST  US  GOVERNMENT  DRILLING  PRACTICES 
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DAMAGE  RELATED  TO  ALASKA  DRILLING  IN  THE  KEN A I  AREA 


ADMIN/ 

EPA        EPA       NON     HON    PENC-  VIOLATES  UNSUB-     MAJOR  CONTAIN    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE       DAMAGE    RCRA  CURRNT  INB     CURR     STAN-     FACTS         CO.         RESOURCE    HASTE  KENT 
NO.      CATASORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED        NAME  ACTION 


AKOl       GRAVEL  Y         Y       Y  Y  UNION  NTR/SQIL  HUD/SH    Y  UNION  HAS  ORDERED  TO  CLEAN  UP  A  DUMP  SITE 

PIT 

THIS  CASE  INVOLVES  DISPOSAL  OF  SPOIL  MATERIAL  WHICH  HAS  UNRE6ULATED  PRIOR  TO  1972. 
NO  EVIDENCE  OF  GROUNDNATER  CONTAMINATION  HAS  EVER  FOUND.   CLAIMED  HEALTH  EFFECTS  BY 
NEIGHBORING  RESIDENTS  ARE  ALL  BY  INDIVIDUALS  RESIDING  UP  THE  GROUNDWATER  GRADIENT 
OF  THE  GRAVEL  PIT  AND  WHOSE  HELL  HATER  HAS  NEVER  SHOWN  ANY  SIGN  OF  CONTAMINATION. 
CURRENT  REGULATIONS  PROHIBIT  DUMPING  ON  THIS  SITE.   GENERAL  REGULATORY  REQUIREMENTS  ARE 
CQmm  IN  ADEC  REGULATION  18  AAC  60.520. 

AK03       COMMERCIAL        Y  Y  MAR  ENTERPRISE  GND  HTR  HUD/PROD  ALLEGED  PERMIT  VIOLATIONS  AT  STATE  PERMITTED  DISPOSAL  SITE 

COMPANY  HASTE 
THE  IMPACT  IN  THIS  CASE  IS  NOT  DUE  TO  DRILLING  ACTIVITY  BUT  RATHER  OF 
IMPROPER  HANDLING  BY  AN  INDEPENDENT  COMMERCIAL  HASTE  DISPOSAL  OPERATOR. 
ACTIVITY  AT  THE  SITE  IS  LLLE6AL  PER  ADEC  REGULATION  18  AAC  60.3106  HHICH 
REQUIRES  QUARTERLY  REPORTING  AND  6R0UNDHATER  MONITORING  PRG6RAMS. 


vzo  yaoo 


pduijli  6maq 
jueiunoop  eqi  40  y^ipsnb 
at]}  0;  anp  s|  }i  'aoj^ou 
siqj  u?q)  jsap  sssj  si 
aSBUij       m  i\  :30I10N 


ILLEGAL  DISPOSAL  IN  PRODUCTION  OPERATIONS 


ADMIN/ 

EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-     MAJOR  CONTAIN    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE       DAMAGE    RCRA  CURRNT   INS     CURR     STAN-     FACTS         CO.         RESOURCE    HASTE  HENT 
NO.      CATA6DRY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED        NAME  ACTION 


LA45       DISCHARGE  Y  KEDCQ  OIL       SURF/GND  PROD  HTR  Y  ILLEGAL  DISCHARGE  OF  PRODUCED  HATER  TO  FRESHHATER  SHAMP 

HTR  &  SOIL 

THE  OPERATOR  OF  A  PRODUCTION  FACILITY  INSTALLED  A  PIPE  AND  DISCHARGED  PRODUCED  HATER  INTO  A 
FRESHHATER  SHAMP  HITHOUT  A  PERMIT.   THIS  VIOLATES  STATE  AND  FEDERAL  REGULATIONS.   THE  STATE 
A6ENCY  INSPECTED  THE  SITE  AFTER  COMPLAINTS  AND  ISSUED  KEDCO  A  NOTICE  OF  VIOLATION.  THE 
OPERATOR  HAS  FINED  *  9,500. 

LA64       PR0D        Y  SUN  SOIL        PROD  HTR  ALLEGED  IMPROPER  SALTHATER  DISPOSAL 

THIS  CASE  ALLEGES  THAT  THE  OPERATOR  PURPOSELY  DISCHARGED  SALTHATER  ON  AN  ADJACENT  CANE  FIELD 

CAUSING  SEVERE  DAMAGE  TO  THE  CROP.   THE  FACT  IS  AN  ACCIDENTAL  LEAK  OCCURRED  AT  THE  FACILITY 

HHICH  CAUSED  THE  PROBLEM.   THE  OPERATOR  HIRED  A  CONSULTANT  TO  DEVELOP  A  PLAN  TO  RECLAIM  THE 

LAND,  BUT  THE  FARMER  HOULD  NOT  COOPERATE.  THE  FARMER  HANTED  DAMA6ES  AND  NOULD  NOT  ALLOW  THE  OPERATOR  TO 

RECLAIM  THE  SITE.   THIS  CASE  SHOULD  NOT  BE  USED  IN  THIS  CATEGORY. 

LA90       COMMERCIAL  Y       Y         Y  Y  CHEVC0/KEN60  SURF/6ND  HASH  HTR  ALLEGED  D1SCHAR6E  OF  VACUUM  TRUCK  HASH  HATER  TO  COULEE 

SITE  HTR  k  SOIL 

THIS  CASE  ALLE6ES  THAT  THE  OPERATOR  PURPOSELY  DISCHARGED  HASH  HATER  INTO  A  ROADSIDE  DITCH 
LEADING  TO  A  COULEE  IN  VIOLATION  OF  STATE  LANS  AND  REGULATIONS.   NEARLY  ALL  OF  THE  CASE 
DESCRIPTION  OF  THREATS  TO  HEALTH  AND  THE  ENVIRONMENT  ARE  NOT  DOCUMENTED  IN  STATE  FILES.  IN 
FACT,  THE  STATE  AGENCY  FELT  THAT  THE  DISCHARGE  HAS  AN  ACCIDENT  AND  NOT  ILLEGAL  DUMPING.  THE 
STATE  DID  NOT  ISSUE  A  NOTICE  OF  VIOLATION.   THIS  CASE  SHOULD  BE  REMOVED  FROM  THIS  CATEGORY 
BECAUSE  1)  THE  OPERATOR  DID  NOT  PURPOSELY  DISCHARGE  AND  2)  THE  FACTS  IN  THE  CASE  ARE 
SUSPECT. 

NEVERTHELESS,  LOUISIANA  REGULATIONS  PROHIBITS  THE  ALLEGED  TYPE  QF  DISCHARGE. 

IT  SHOULD  BE  FURTHER  NOTED,  THE  PLANT IFF* S  ATTORNEY  STATED  5/22/87  THAT  THIS  CASE  IS  CURRENTLY  IN  LITIGATION 
AND  HAS  NOT  BEEN  SETTLED  OUT  OF  COURT  AS  DESCRIBED  IN  EPA'S  CONTRACTOR  REPORT. 
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DI3CH4hbE 


EQUITY 


SURF  HTR  PROS  HTR  ¥ 


THIS  IS  AN  ILLEGAL  DISCHAR6E  THAT  VIOLATED  OHIO  REGULATIONS.  OPERATOR  NA5  CITED  AND  CEASED 
PRACTICE. 


ILLEGAL  DISCHARGE  OF  PRODUCED  HATER 


0H12       DISCHARGE         ¥  ¥  ZENITH  SURF/GND  PROD  NTR  Y 

HTR  &  SOIL 

THIS  IS  AN  ILLEGAL  DISCHAR6E  THAT  VIOLATED  OHIO  REGULATIONS.   OPERATOR  HAS  CITED  AND  FINED. 
ADDITIONAL  RULE  HAKINE  SINCE  INCIDENT  -  SB  501  -  PROHIBITS  PRODUCED  HATER  DISPOSAL  PITS  AFTER  7/1/86 


0H45 


ILLEGAL  PIT  DISCHARGING  PRODUCED  HATER  TO  SURFACE  DITCH 


DUMP 


Y 


MILLER  S&G     SURF/GND  HUD/PROD 
HTR  ft  SOILHTR 

THIS  CASE  ALLEGES  THAT  AN  ACTIVE  SAND  AND  GRAVEL  PIT  HAS  USED  AS  AN  ILLEGAL  DUMPING  SITE  FOR  OILFiaD  HASTES 
AN  INVESTIGATION  BY  THE  OHIO  DIVISION  OF  HASTEHATER  POLLUTION  SHQHED  THAT  CONTAMINATION 
OF  THE  SURROUNDING  SHAHP  HAS  OCCURING,   THIS  DISCHARGE  IS  PROHIBITED  BY  STATE  REGULATIONS. 
ADDITIONAL  REGULATIONS  HOHEVER  COULD  NOT  PREVENT  THIS  TYPE  OF  IMPROPER  ACTION. 


SAND  AND  GRAVEL  PIT  USED  ILLEGALLY  TO  DUMP  HASTE 


AR07 


OIL 
SPILL 


THIS  IS  A  NON-RCRA  OIL  SPILL  INCIDENT  RATHER  THAN  ILLEGAL  DUMPING 
OF  SUCH  SPILLS. 


J  LANGLELY     SURF/GND  PROD  HTR/ 
HTR  ft  SOIL  OIL 
ARKANSAS  REQUIRES  REPORTING 


OIL  SPILL  ILLEGALLY  NOT  REPORTED  THAT  DAMAGED  ADJACENT  PROPERTY 


AR04       Pfi0D  Y  J.  ROBERTSON  SURF/GND  PROD  HTR  Y 

HTR  ft  SOIL 

THIS  DAMAGE  CASE  DESCRIBES  VIOLATIONS  OF  DRILLING  PERMS  ISSUED  TO  TP<E  OPERATOR. 

IT  APPEARS  THE  OPERATOR  CONSTRUCTED  ILLEGAL  ROADS,  PITS  AND  HELL  LOCATIONS  IN  VIOLATION 

OF  PERMIT  CONDITIONS.   AS  A  RESULT,  DESTRUCTION  OF  WETLANDS  RESULTED.   THE  DAMAGE  CASE  ALSO 

ALLEGES  THAT  THE  REGULATORY  AGENCIES  IN  ARKANSAS  LACK  AUTHORITY  TO  PREVENT  FURTHER  CAMAGES 

AND  ILLEGAL  OPERATIONS  BY  THE  OPERATOR.   THIS  IS  NOT  THE  CASE  AND  THE  ARKANSAS  HATER  AND  AIR 

POLLUTION  ACT  GIVES  AUTHORITY  AT  SEVERAL  LEVELS  TO  REQUIRE  CLEANUP  OF  THESE 

ILLEGAL  ACTIVITIES  AND  TO  PREVENT  FUTURE  OCCURRENCES 


ILLEGAL  DISCHAR6E  OF  PRODUCED  HATER  TO  BLACK  CREEK 
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1 


TX21 


DRL8 


ESENJAY 


SURF  HTR  HUD 


ILLEGAL  DISCHARGE  OF  HUD  RESULTED  IN  OPERATOR  FINE  AND  CLEANING  SITE 


TX22 


THIS  CASE  STATES  THAT  THE  OPERATOR  BREACHED  A  DRILLING  PIT  DIKE  ALL0HIN6  HUD  TO  DISCHARGE 
INTO  HARDY  SANDY  CREEK.   THIS  DISCHARGE  TO  MATERS  OF  THE  UNITED  STATES  MAS  ILLEGAL  AND  THE  TEXAS 
RAILROAD  COMMISSION  FINED  THE  OPERATOR  $  10,000.   ADDITIONAL  REGULATIONS  MOULD  NOT  HAVE 
FREVEHTEd  THIS  POLLUTION  INCIDENT. 


DRLG 


TXO  PROD 


SURF  MTR  HUD 


Y 


SURFACE  DISCHARGE  OF  DRILLING  HUD,  OPERATOR  FINED 


THIS  CASE  ALLEGES  THAT  THE  OPERATOR  BROKE  A  DRILLING  PIT  DIKE  AND  ALLOMED  DRILLING  FLUIDS  TQ  FLOM 
OFFSITE  INTO  A  STOCK  TANK.   AS  A  RESULT,  FISH  IN  THE  TANK  MERE  KILLED.  THE  CASE  ALLEGES  THE  FISH 
FATALITIES  MERE  CAUSED  BY  HIGH  LEVELS  OF  HETAL  IN  THE  HUD,  HOMEVER,  THIS  REPORT  IS 
SPECULATIVE  AS  LAB  RESULTS  SHOMED  LOH  METAL  CONCENTRATIONS  IN  THE  MATER.   LABORATORY  TESTS  SUGGEST 
OXYGEN  DEPLETION  MAS  THE  HOST  LIKELY  CAUSE.    IN  ADDITION,  EXTREHELY  COLD  MEATHER  OCCURRED 
DURING  THIS  TIKE  THAT  COULD  HAVE  COHPUNDED  OR  EVEN  CAUSED  THE  PROBLEM.   THIS  TYPE  POLLUTION 
INCIDENT  IS  ADDRESSED  BY  TEXAS  REGULATIONS  AS  THE  OPERATOR  HAS  FINED  AND  THE  LANDOMNER 
COMPENSATED  FOR  DAHA6ES. 


HV03       PROD  Y  ALTEX  OIL       SURF/GND  PROD  MTR  Y 

MTR  i  SOIL 

ALTEX  OIL  PURCHASED  THE  PROPERTY  IN  THIS  CASE  IN  1984  AND  UPON  INSPECTION  OF  THE  FACILITIES 
FOLLOWING  A  COMPLAINT  TO  THE  STATE  CEASED  SURFACE  DISCHARGE  OF  PRODUCED  MATER  MHICH  MAS  IN 
VIOLATION  OF  STATE  REGULATIONS. 


ILLEGAL  DISCHARGE  OF  MOWEd  MATERS 


UY05       PROD  Y  HARATHQN        SURF/GND  CHEHICAL  Y 

HTR  &  SOIL 

THIS  CASE  STATES  THAT  THE  OPERATOR  DURING  CLEANUP  OF  A  DRUM  STORAGE  AREA  PUNCTURED  DRUHS  AND 

ALLOMED  CHEMICALS  TO  DRAIN  TO  A  DITCH.   THE  CASE  DESCRIPTION  IS  INCORRECT.   THE  OPERATOR 

THINKING  THAT  THE  DRUHS  HAD  TO  BE  COMPLETELY  EMPTY  BEFORE  TRANSPORTING  THEM  QFFSITE  TURNED  THE  DRUMS  UPSIDE 

DOMN  AND  DRAINED  APPROXIMATELY  420  6ALL0NM  INTO  THE  DITCH.   HOMEVER,  THE  EMPTYING  OF  CHEMICAL 

INTO  A  DITCH  HAS  ILLE6AL.    IN  ADDITION  IT  MAS  DISCOVERED  THAT  TNO  TRANSFORMERS  MERE  LEAKING 

PCB  CONTAMINATED  TRANSFORMER  OIL  AT  THE  SITE.   THE  CHEMICALS  AND  PCD  CONTAMINATED  OILS  MERE 

REMOVED  AND  THE  HASTE  SOIL  DISPOSED  AT  A  LICENSED  DISPOSAL  FACILITY.   6R0UNDMATER  MONITORING  HELLS 

SHOHED  NO  CONTAMINATION  OCCURRED.   THE  OPERATOR  HAS  ASSESSED  A  FINE  FOR  VIOLATIONS  OF  STATE 

REGULATIONS.   ADDITIONAL  REGULATIONS  MOULD  NOT  PREVENT  THIS  TYPE  POLLUTION  INCIDENT. 


ILLEGAL  DISCHARGE  OF  CHEMICALS 


HVifi 


DISCHARGE 


Y  Y  Y  ALLEGHANY       HURF/GND  PROD  HTR  Y 

LANDS  HTR  &  SOIL 

THE  OPERATOR  DISCHARED  OILFIELD  HASTES  FROM  DRILLING  PITS  INTO  A  DITCH  RUNNING  INTO  BEVERLIN  FORK. 
THE  GPERATQR  ALLOMED  THE  LANDOMNER 'S  LIVESTOCK  TO  DRINK  FROM  THE  PITS.    THE  REPORT  STATES 


ILLEGAL  HASTE  DISCHARGE  INTO  BEVERLIN  FORK 
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LA15 


THAT  THE  LIVESTOCK  HERE  POISONED  CAUSINB  NUHEROUS  PROBLEHS  INCLUDING  DEATH.   THIS  HAS  A 
PRACTICE  BEGUN  IN  1979  NITH  THE  CONSENT  OF  BOTH  THE  LANDOHNER  AND  OPERATOR.   THIS  CASE 

CENTERS  AROUND  THE  SUITABILITY  OF  THE  LIQUIDS  FOR  LIVESTOCK  CONSUMPTION,  NOT  DISCHARGE  OFFSITE  TO  HATERS  OF  THE  U.S. 

OR  LEACHING  TO  GROUNDWATER.  HOWEVER,  STATE  REGULATIONS  ARE  IN  PLACE  FOR  DISCHARGES  TO 

THE  SURFACE  OR  GROUNDWATER. 

THE  OPERATOR  PAID  A  $  39,000  FINE  PLUS 

INTEREST  AND  COSTS.   SUFFICIENT  REGULATIONS  ARE  IN  PLACE  TO  DEAL  HITH  THESE  TYPE  OCCURRENCES. 


PROD 


SUN 


SURF  HTR  HUD/OIL  Y 


ILLEGAL  DISCHARGE  OF  PRODUCED  HATER  INTO  FRESHWATER  HARSH 


THIS  CASE  STATES  THE  OPERATOR  DISCHARGED  SALTWATER  INTO  THE  ADJACENT  HARSH  FROH  A  FACILITY  PIT 
AND  TANK  BATTERY  RING  LEVEE.   THE  DISCHARGE  FROH  THE  RING  LEVEE  WOULD  BE  LEGAL  IF  USED  UNDER  SPCC  PLANS. 
HOWEVER,  SALT  WATER  CANNOT  BE  DRAINED  FROH  RING  LEVEES  UNDER  SPCC  PLANS  AND  THEREFORE  THIS  WAS  A  VIOLATION  AND 
A  NOTICE  OF  VIOLATION  WAS  ISSUED  AND  THE  PROBLEH  CORRECTED. 


AR10       DISCHARGE  y  J.BEEBE         SURF/GND  PROD  HTR  Y 

HTR  &  SOIL 

THIS  CASE  STATES  THAT  SALTHATER  HAS  DISCHARGED  FROH  A  SALTHATER  DISPOSAL  WELL  INTO  SKACKOVER  CREEK 
THIS  DISCHARGE  WAS  CORRECTED  BY  THE  OPERATOR  BUT  A  LATER  INVESTIGATION  FOUND  THAT  ADDITIONAL 
DISCHARGES  WERE  COHING  FORH  FACILITY  PITS.   TWO  PITS  WERE  DISCHARGING  IN  VIOLATION  OF 
ARKANSAS  REGULATIONS.   A  NOTICE  OF  VIOLATION  WAS  ISSUED  BY  THE  ADPC  AND  CIVIL  PENALTY  ASSESSED. 


USE  OF  ILLEGAL  SALTWATER  PITS  FLOWING  INTO  SHACKOVER  CREEK 


WV20 


DISCHARGE 


HARRIETTA  RQY  SURF  HTR  HUD 


THE  OPERATOR  WILLFULLY  SYPHONED  FLUIDS  FROH  THE  DRILLING  PIT  INTO  STILLWELL  CREEK  WITHOUT  A 
PERMIT.   THIS  DISCHARGE  IN  TO  THE  CREEK  WAS  A  DIRECT  VIOLATION  OF  WEST  VIRGINIA  CODE  20-5A-19A 
AND  THE  OPERATOR  WAS  FINED. 


ILLEGAL  DISCHARGE  OF  DRILL I N6  HUD  TO  STILLWELL  CREEK 


pfi09       PRM  Y  Y  NOT  LIST        SURF/6ND  MUD/PROD  Y 

WTR  t  SOILWTR/OIL 

THIS  CASE  REPRESENTS  THE  OLDEST  COMMERCIAL  OIL  PRODUCING  REGION  IN  THE  WORLD.   CHRONIC  LOW 
LEVEL  RELEASES  HAVE  OCCURRED  IN  THIS  AREA  FOR  YEARS.   THESE  DISCHARGES  SHOULD  NOT  BE 
CHARACTERIZED  AS  ILLEGAL  DUHPING  BECAUSE  THE  LEAKS  OCCUR  AS  A  RESULT  OF  OLD,  PAST  PRACTICES  AND 
NOT  BECAUSE  OF  DUHPING  BY  IRRESPOSIBLE  OPERATORS.   CURRENTLY,  LEAKS  INTO  STREAMS  ARE 
PROHIBITED  BY  STATE  AND  FEDERAL  REGULATIONS  AND  THESE  AGENCIES  ARE  ENFORCING  THEIR 
REGULATIONS.    IN  ADDITION,  IF  DISCHARGES  OF  OIL  ARE  PURPOSEFULLY  OCCURRING  THESE  ARE 
REGULATED  BY  EPA'S  SPCC  REGULATIONS  UNDER  THE  CLEAN  WATER  ACT.   ENFORCEHENT  OF  VIOLATIONS 
IS  THE  RESPONSIBILITY  OF  THE  U.S.  COAST  GUARD  WHO  HUST  CORRECT  AND  LEVY  FINES 
FOR  VIOLATIONS. 


DAHAGE  FROH  OLD  PRACTICES  AND  SPILLS 
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PRODUCED  HATER  AND  OIL  FIELD  HASTE  PIT  CONTENTS  LEACHING  INTO  GROUND  HATER 


ADMIN/ 

EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-     MAJOR  CONTAIN    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE      DAMAGE    RCRA  CUR8NT  INS     CURR     STAN-     FACTS         CO.         RESOURCE    HASTE  KENT 
NO.      CATAfiORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED        NAME  ACTION 


M02       PROD  Y  Y  STUDY  NONE        NONE  STUDY  ON  USE  OF  SHALL  SH  PITS  BANNED  IN  1985  IN  THE  SAN  JUAN  BASIN 

THE  EPA  CONTRACTOR  HRITEUP  OF  THIS  CASE  IS  ERRONEOUS.  NO  VIOLATION  OF  STATE  GROUNDWATER 

STANDARDS  HERE  FOUND  (SEE  API  AND  NEW  MEXICO  COMMENTS  IN  DOCKET),   IN  ADDITION,  PRESENT 

REGULATIONS  REQUIRE  DISPOSAL  PITS  TO  BE  PERMITTED  AND  LIMITED  TO  5  BARRELS  A  DAY 

IN  THE  SAN  JUAN  BASIN  AREA  OF  NEK  MEXICO.   FURTHER,  THE  STATEMENT  THERE  ARE  OVER 

20,000  UNLINED  PRODUCED  HATER  DISPOSAL  PITS  IN  NEH  MEXICO  HAS  BEEN  REFUTED  IN 

IN  A  JUNE  15,  1987  LETTER  FROM  GOVERNOR  CARRUTHERS  TO  J.  HINSTON  PORTER.   GOVERNOR  CARRUTHERS 

IN  HIS  LETTER  STATES  'UNLINED  PITS  IN  FRESH  HATER  AREAS  IN  SOUTHEAST  NEH  MEXICO 

HERE  BANNED  BEGINNING  IN  1956,  HITH  A  GENERAL  PROHIBITION  ADOPTED  IN  1967.- 

NM05       COMMERCIAL        Y         Y       Y  BLM  6ND  HTR    MUD/PROD  Y  PAST  DISPOSAL  SITE  USING  UNLINED  PITS  CLOSED  IN  1985 

SITE  HTR 

PRESENT  REGULATIONS  PROHIBIT  UNLINED  DISPOSAL  PITS.   CURRENT  REGULATIONS  REQUIRE  LINED  PITS  AND  MONITORING  HELLS  HITH  LEAK 
DETECTION  FOR  COMMERCIAL  DISPOSAL  PITS  SUCH  AS  THE  ONE  REFERENCED  IN  THIS  CASE. 

LA67       COMMERCIAL        Y  Y  PAB  CO  GND  HTR    PROD       Y  ILLEGAL  USE  OF  OIL  SKIMMING  PITS,  STATE  SHUT  DOHN  OPERATIONS 

SITE  HASTE 
PAB  HAS  OPERATING  HHEN  LOUISIANA  PROMULGATED  ITS  FIRST  COMMERCIAL 
OIL  FIELD  FACILITY  REGULATIONS.   PAB  EITHER  COULD  NOT  OR  HQULD  NOT  UPGRADE  TO  MEET 
THE  NEH  REGULATIONS  AND  HAS  SHUT  DOHN  AND  SEALED  BY  LOUISIANA'S  OFFICE  OF  CONSERVATION. 
FDR  ADDITIONAL  DOCUMENTATION,  SEE  LETTER  IN  DOCKET  FROM  LA.  OFFICE  OF  CONSERVATION  TO 
F.M.  HALL  OF  EPA  DATED  APRIL  16,  1987 
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STUDY 


SURF  HTR  PROD  WTR 


STUDY  ON  IMPACT  OF  SURFACE  WATER  DISCHARGES  IN  VIOLATION  OF  STATE  REGS 


THIS  CASE  REFERENCES  A  STUDY  CONDUCTED  BY  THE  U.S.  FISH  AND  WILDLIFE  SERVICE  TO  DETERMINE 

CHANGES  IN  AQUATIC  LIFE  FROM  1982-1985  RESULTING  FROM  SURFACE  DISCHARGES  OF  OIL  FIELD  WASTE.  SPECIFIC 

STATE  STANDARDS  CONCERNING  THESE  DISCHARGES  HERE  ESTABLISHED  IN  1985.  PRESENTLY,  DISCHARGES 

OF  PRODUCED  MATERS  ARE  ALLOWED  ONLY  VIA  THE  NPDES  PERMIT  SYSTEM  AS  IS- REQUIRED  BY  FEDERAL  AND  STATE  LAN. 

PERMITS  ARE  ISSUED  WITH  REGARD  TO  WATER  QUALITY  STANDARDS  DESIGNED  TO  PROTECT  AQUATIC  LIFE.  THUS, 

THE  STATE  HAS  USED  ITS  AUTHORITY  UNDER  THE  EXISTING  REGULATORY  FRAMEWORK  TO  DEVELOP  A  MECHANISM  TO 

ADDRESS  THE  ISSUE.    IF  ADDITIONAL  REGULATION  OR  ENFORCEMENT  WERE  PROVEN  TO  BE  NECESSARY 

THESE  STEPS  COULD  BE  TAKEN  BY  EPA  OR  PA.  UNDER  THE  CLEAN  WATER  ACT. 


THESE 
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GROUNDWATER  CONTAMINATION  FROM  UNDERGROUND  INJECTION 


ADMIN/ 

EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-     HAJOR  CONTAIM    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE       DAMAGE    RCRA  CURRNT   1NG     CURR     STAN-     FACTS         CO.         RESOURCE    HASTE  KENT 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED        NAME  ACTION 


AR12       UIC  Y  J.  MCCLAIN     SURF/GND  PROD  WTR  Y  ILLEGAL  NQNPERHITTED  DISPOSAL  NELL  AND  USE  OF  ILLEGAL  SH  DISPOSAL  PITS 

WTR  &  SOIL 

ANNULAR  INJECTION  AND  INJECTION  WITH  OUT  A  PERMIT  IS  A  VIOLATION  OF  UNDERGROUND  INJECTION 

CONTROL  REGULATIONS.   VIOLATION  OF  EMERGENCY  PIT  USE  FOR  CONTINUOUS  PRODUCED  WASTE  CONTAINMENT,  HOWEVER 

IS  THE  MOST  PROBABLE  CAUSE  OF  THIS  DAMAGE  CASE.   VIOLATIONS  HAVE  BEEN  CORRECTED 

AS  A  RESULT  OF  STATE  ACTIONS.   THE  STATE  ALSO  RE INSPECTED  THE  SITE  WHICH  HAS  BEEN  FOUND 

TO  BE  IN  COMPLIANCE. 


0H38       UIC  Y  Y  Y  NOT  LIST        6ND  WTR    PROD  WTR  Y  1976  DAMAGE  TO  FRESH  WATER  WELLS  PRIOR  TO  UIC  REGULATIONS 

CONTAMINATION  EXISTED  PRIOR  TO  UIC  REGULATIONS  WHICH  PRQ\/ldE  THE  REGULATORY  AUTHORITY 

TO  REQUIRE  INTEGRITY  OF  INJECTION  NELLS.   OHIO  15  THE  ONLY  STATE  TO  ALLOW  ANNULAR  INJECTION 

OF  PRODUCED  WATER  AND  HAS  ENACTED  SPECIAL  REQUIREMENT  TO  CONTROL  THE  PLACEMENT 

OF  FLUIDS  AND  CORROSION  OF  CASINGS.   THIS  WELL  PROBABLY  WAS  DAMAGED  BEFORE  ENACTMENT 

OF  THESE  REGULATIONS  AND  COUlh  NOT  PASS  THE  CURRENT  CRITERIA  FOR  MECHANICAL  INTEGRITY 

NMOl       UIC  Y  Y         Y  Y  TEXACO  6ND  WTR    PROD  WTR  DAMAGE  FROM  OLD  SALTWATER  PITS  AND  NOT  INJECTION  WELL  STILL  IN  SERVICE 

THIS  CASE  ALLEGES  THAT  SALTWATER  IS  CONTAMINATING  A  USDW  FROM  AN  INJECTION  WELL.  THE  WELL 

HAS  BEEN  TESTED  AND  FOUND  TO  BE  IN  COMPLIANCE  WITH  NEW  MEXICO  UIC  REGULATIONS.   THE  ASSERTION 

THAT  THE  WELL  WOULD  NOT  PASS  THE  TEXAS  MIT  TEST  IS  NOT  SUPPORTED  BY  FACTS  AND  IS 

SPECULATIVE.   SUBSEQUENT  PRESSURE  TESTS  HAVE  FURTHER  DEMONSTRATED  THAT  THE  WELL  IS  NOT  CONTAMINATING 

GROUNDWATER  AND  IT  IS  STILL  IN  SERVICE.   IT  APPEARS  SALTWATER  PITS  USED  IN  THE  PAST  AND  NOW  CLOSED 

HERE  THE  PROBLEM.   CURRENT  REGULATIONS  PROHIBIT  USE  OF  UNLINED,  UNPERMITTED  SALT  WATER  PITS. 


KS06 


UIC 


NOT  LIST 


GND  WTR    PROD  WTR  Y 


LEAKING  INJECTION  WELL  VIOLATING  UIC  REGULATIONS  DAMAGED  FW  WELL 


THIS  INJECTION  WELL  PROBLEM  OCCURRED  IN  1981.    THE  OPERATOR  INJECTED  WATER  INTO  A  WELL  WITH 

HOLES  IN  THE  CASING  AND  DAMAGED  GROUNDWATER.    THIS  VIOLATED  THE  PRESENT  KANSAS  REGULATION  FOR  MECHANICAL  INTEGRITY  IN  UNDERGROUND 
INJECTION.   KANSAS  OBTAINED  PRIMACY  FROM  EPA  TO  OPERATE  ITS  UIC  PROGRAM  IN  1984.  THE 
PRESENT  PROGRAM  WOULD  HAVE  UNCOVERED  THIS  PROBLEM  AND  REQUIRED  THE  OPERATOR  TO  COPPECT  IT. 
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UIC 


Y 


NOT  LIST 


SURF/GND  PROD  HTR  r 
HTR  &  SOIL 

IN  THIS  CASE  SURFACE  WATER  HAS  FOUND  TO  BE  CONTAMINATED  BY  SALTNATER.   A  SALTWATER  INJECTION 

HELL  HAS  WORKED  OVER  AND  NOH  MEETS  UIC  REQUIREMENTS  HITH  MIT  TESTS  AND  TRACER  LOBS  INDICATING 

THE  INJECTION  HELL  IS  NOT  A  CURRENT  SOURCE  OF  CONTAMINATION.   CONTAMINATION  OF  SURFACE  HATER 

HAS  CONTINUED  AND  IS  NOK  SUSPECTED  BY  THE  OPERATOR  TO  BE  A  RESULT  OF  USE  OF  PAST  SURmE  PITS 

AND  DISCHARGES  IN  THIS  OLD  PR0DUCIN6  AREA.   EVEN  IF  THE  PROBLEM  HAS  SOLELY  THE  FAULT  OF  THE 

INJECTION  WELL,  CURRENT  UIC  REGULATIONS  HOULD  HAVE  DISCOVERED  IT  AND  REQUIRED  WORKING  OVER  THE  INJECTION  HELL 

CURRENT  REGULATIONS  HOULD  ALSO  HAVE  PROHIBITED  USE  OF  SALT  HATER  DISPOSAL  PITS. 


INJECTION  HELL  THOUGHT  TO  ENDANGER  FRESH  HATER 


MI06  UIC 


NOT  LIST 


6ND  HTR    PROD  HTR  Y 


FRESH  HATER  DAMAGE  FROM  HELL  IN  VIOLATION  OF  EPA  UIC  REGULATIONS 
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CONTAMINATION  FROM  IMPROPERLY  PLUS6ED  HELLS 


EPA        EPA       NON     HON    PEND-  VIOLATES  UNSUB-  MAJOR 
CASE       DAMAGE    RCRA  CURRNT   ING     CURR      STAN-  FACTS 
NO.      CATA6QRY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED 


KS03 


KS14 


TX05 


TXil 


ADNIN/ 

CONTAIN    CONTAIN  ENFORCE- 
CO.         RESOURCE    HASTE  KENT 
NAME  ACTION 


EPA  CASE  DESCRIPTION 


MISC 


Y 


Y 


Y 


WESTERN  DJfLS  6ND  WTR    PROD  WTR 


DAMAGE  FROM  DRILLING  RESERVE  PIT 


THE  KANSAS  DEPARTMENT  OF  HEALTH  AND  ENVIRONMENT  HAD  RESPONSIBILITY  FOR  DRILLING  PITS  NHEN 
THIS  NELL  HAS  DRILLED.  SINCE  THEN,  AUTHORITY  HAS  TRANSFERRED  TO  THE  KCC  ON  JULY  1,  1987. 
KCC  HAS  ADOPTED  REGULATIONS  REQUIRING  ALL  PITS  BE  PERMITTED 


MISC 


6ULF 


SURF /BHD  PROD  WTR 
NTR  t  SOIL 

DAMAGE  NOT  PROVEN  TO  BE  FROM  P*A'D  OIL  NELLS  BUT  IS  PROBABLY  FROM  OLD  INJECTION  PRACTICES. 
CURRENT  UIC  REGULATIONS  WOULD  HAVE  PREVENTED  DAMAGE  THR0U6H  THE  'AREA  OF  REVIEW"  AND 
MECHANICAL  INTEGRITY  TESTING  REGULATIONS  REWIRED  UNDER  THE  SAFE  DRINKING  WATER  ACT. 
THESE  REGULATIONS  REQUIRE  TESTING  INJECTION  WELLS  FOR  LEAKS  AND  ADEQUATE  PLUGGING  OF  ALL 
OLD  WELLS  BEFORE  INITIATION  OF  INJECTION. 


1961  DAMAGE  CASE  FROM  PRIOR  OPERATIONS 


MISC 


NOT  LIST        6ND  WTR    SALT  WTR  Y  1984  WELLS  LEAKING  FROM  COLEMAN  FORMATION  REPLUGGED  BY  TEXAS 


THREE  WELLS  WERE  IMPROPERLY  PLUGGED  BECAUSE  TOP  CEMENT  PLUGS  WERE  NOT  SET  BY  THE  OPERATOR. 
WHEN  SALTWATER  FROM  FROM  A  NATURALLY  PRESSURED  SALT  WATER  AQUIFER  WAS  NOTICED  BY  THE  LANDOWNER 
THE  TEXAS  RAILROAD  COMMISSION  REPLUGGED  THE  THREE  WELLS.   TEXAS  RAILROAD  COMMISSION  RULES  REQUIRE 
CEMENTING  IN  ABANDONED  WELLS  ACROSS  ZONES  BELOW  FRESH  WATER  AND  THEIR  FIELD  INSPECTORS  ARE 
RESPONSIBLE  FOR  REQUIRING  PROPER  ABANDONMENT  OR  THE  STATE  CONDUCTINS  PROPER  ABANDONMENT. 


MISC 


Y 


Y 


UNKNOWN 


GND  WTR    SALT  WTR 


UNKNOWN  SOURCE  OF  SALT  SEEPS  IN  WEST  TEXAS 


NO  IMPROPERLY  ABANDONED  WELLS  WERE  SITED  AS  A  LIKELY  SOURCE  OF  DAMAGE  TO  SOIL  AND  GROUNDWATER 
IN  THIS  AREA  AND  THE  SOURCE  OF  DAMAGE  IS  NOT  PROVEN,   COMMENTS  FROM  THE  TEXAS  RAILROAD  COMMISSION 
STATE  THAT  THE  SOIL  AND  GROUNDWATER  ARE  PROBABLY  CONTAMINATED  AS  A  RESULT  OF  THE  TERRACING 
AND  FERTILIZING  OF  THE  PROPERTY. 
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MISC 


Y 


KEETON  EXPL    6ND  HTR    SALT  WTR  Y 


HATER  HELL  DAHA6ED  FROM  ILLEGAL  OPERATIONS 


KEETON  EXPLORATION  OPERATED  A  LEASE  H1TH  ILLEGAL  SURFACE  DISCHARGES  THAT  VIOLATED 

TEXAS  RAILROAD  COMMISSION  RULES  8,  14  AND  20.   THE  FIELD  HAS  ORDERED  CLOSED  AND  THE  OPERATOR  FINED. 

IN  CLOSING  THE  FIELD  THE  RAILROAD  COMMISSION  PROPERLY  PLU6GED  5  HELLS. 

TEXAS  REGULATIONS  REQUIRE  PLACING  CEMENT  PLUGS  ACROSS  OLD  PR0DUCIN6  FORMATIONS  AND  BELOH 

THE  BASE  OF  GROUNDHATER  TO  PREVENT  CONTAMINATION.   IF  AN  OPERATOR  DOES  NOT  COMPLY  TEXAS 

HILL  PLUG  THE  HELLS  PROPERLY  ITSELF. 


LA65 


HISC 


COOUINA 

HUGHES 

JUSTIS-HEARS 

DELL 

6RUB8 

BASS 


SURF/6ND 
HTR 


SALT  HTR 


ALLE6ED  IRRIGATION  HELL  AND  SURFACE  SH  DAMA6E  FROM  PAST  OIL  PROD 


SOURCE  OF  DAMAGE  IS  NOT  PROVEN  AND  THIS  CASE  IS  UNDER  INVESTIGATION  BY  THE  LOUISIANA  OFFICE 

PF  CONSERVATION.  DAMAGE  IS  PROBABLY  FROM  NON-CURRENT  OIL  FIELD  PRACTICES  ALTH0U6H  THIS  CAN 

NOT  BE  ESTABLISHED  UNTIL  THE  INVESTIGATION  IS  COMPLETED.   IF  FROM  PAST  PRACTICES,  CURRENT  REGULATIONS 

HOULD  HOHEVER  PREVENT  THESE  TYPE  DAMAGES  (UIC,  SDHA,  DRILLING  AND  PLUGGING  REQUIREMENTS) 


KS03 


MISC 


Y 


WESTERN  DRLG  NONE 


NONE 


ALLEGED  DAMAGE  FROM  P&A'D  HELL 


AFTER  INVESTIGATION  BY  THE  KCC,  IT  HAS  FOUND  NO  DAMAGE  HAD  BEEN  CAUSED  BY  THIS  HELL. 
THE  INVESTIGATION  SHOHED  THAT  ALTHOUGH  THE  TOP  CEMENT  PLUG  HAS  LOH  THAT  IT  HAS  STILL 
EFFECTIVE  IN  PREVENTING  GROUND  HATER  CONTAMINATION.   M  KCC  FINDING  HAS  dOCmEUKd  IN 
COURT  CASE  AHARDIN6  DAMAGES  NOT  FOR  THE  ABANDONED  HELL  BUT  FOR  AN  ABANDONED  RESERVE  PIT. 
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DAMAGE  RELATED  TO  POOR  LEASE  MAINTENANCE 


EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-  MAJOR 
CASE      DAMAGE    RCRA  CURRNT  IN6     CURR     STAN-     FACTS  CO. 
NO.      CATA60RY  ISSUE  PRACTICE  CASE    RE6S    TIATED  DISPUTED  NAME 


ADMIN/ 

CONTAIN     CONTAIN  ENFORCE- 
RESOURCE     WASTE  KENT 
ACTION 


CASE  DESCRIPTION 


KSOl       PROD  Y  Y  TEMPLE  NTR/SOIL  SALTWATER  Y  HABITUAL  VIOLATOR  OF  REGULATIONS  BANNED  FROM  OPERATIONS  IN  KANSAS 

THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION 

OPERATOR  NAS  A  HABITUAL  VIOLATOR  (39  VIOLATIONS  IN  TNO  YEARS)  OF  REGULATIONS  RESULTING  IN  NUMEROUS 

VIOLATIONS  OF  STATE  RULES.   THE  KCC  ASSESSED  A  PENALTY,  REVOKED  THE  OPERATORS  LICENSE  AND  PROHIBITED 

FURTHER  OPERATIONS  ON  THE  LEASE  AND  WITHIN  KANSAS  BY  THE  OPERATOR  WITHOUT  PUBLIC  NOTICE  AND  HEARING. 

THE  "  LEASE  MAINTENANCE"  SECTION  OF  KANSAS  REGULATIONS  WERE  ISSUED  MAY  13,  1987  REQUIRING  PERMITS 

FOR  ALL  PITS  (DRILLING  AND  PRODUCING),  EMPTYING  OF  EMERGENCY  PITS  WITHIN  4fi  HOURS,  NOTIFICATION  OF  SPILLS 

WITHIN  24  HOURS  AND  SPECIFIC  PENALTIES  APPLICABLE  FOR  EACH  VIOLATION.   IN  ADDITION  KCC  HAS  AUTHORITY  TO 

SHUTDOWN  AN  OPERATOR  TO  EHfOHCE  ITS  REGULATIONS. 

FURTHER  DOCUMENTATION  IS  INCLUDED  IN  K.A.R.  82-3-600  THROUGH  603. 

KS08       PROD  Y  HARR  SOIL        SALT  WATER  Y  ILLEGAL  USE  CF  SALTWATER  PITS,  OPERATION  ORDERED  CLOSED  BY  KCC 

THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION. 

AN  UNPERMITTED  EMERGENCY  POND  WAS  FOUND  TO  BE  LEAKING  SALTWATER.  THE  OPERATOR  WAS  ORDERED 
TO  CORRECT  THE  SITUATION  BY  LINING  THE  POND  AND  SECURIN6  A  PERMIT.  THE  OPERATOR  DID  NOT  COMPLY 
AND  AN  ORDER  TO  CLOSE  THE  POND  WAS  ISSUED  BY  KDHE. 
THE  SITE  HAS  BEEN  CLOSED 

FOR  ADDITIONAL  DOCUMENTATION  SEE  COMMENTS  ON  KSOl  PERTAINING  TO  KCC  "LEASE  MAINTENANCE*  REGULATIONS 
CONTAINED  IN  K.A.R.  82-3-600  THR0U6H  603. 


DISCHARGE  OF  PRODUCED  MATER  AND  DRILLING  HOD  INTO  BAYS  AND  ESTUARIES  OF  THE  TEXAS  GULF  COAST 


ADMIN/ 

EPA        EPA       NON     NON    PEND-  VIOLATES  UNSUB-     MAJOR  CONTAIN     CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE      DAMAGE    RCRA  CURRNT   IN6     CURR     STAN-     FACTS         CO.         RESOURCE     WASTE  HENT 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    RE6S    TIATED  DISPUTED        NAME  ACTION 


TX55       DISCHARGE  Y  Y  Y  NOT  LISTED     FISH        SALT  MATER  ALLEGED  SEDIMENTS  FROH  NPDES  DISCHARGE  ENDANGERING  FISH 

THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION 

THIS  IS  A  DI5CHAR6E  SUBJECT  TO  THE  NPDES  PROGRAM  UNDER  THE  CNA  ADMINISTERED  BY  EPA.  ALTHOUGH 
DUE  TO  THE  FAILURE  OF  EPA  TO  ISSUE  PERMITS  FOR  THIS  TYPE  DISCHARGE, 

THE  TEXAS  RAILROAD  COMMISSION  HAS  ESTABLISHED  A  PERMIT  PROGRAM  TO  ENSURE  DISCHARGES  DO  NOT  ENDANGER 
HUNAN  HEALTH  OR  THE  ENVIRONMENT.   NO  REFERENCES  ARE  CITED  IN  THIS  CASE  TO  DETERMINE  IF 
POLLUTION  AND  ENDANGERMENT  OF  FISH  IS  THE  RESULT  OF  OIL  FIELD  DISCHARGES  OR  DISCHARGES 
OF  THE  SHIPPING  AND  PETROCHEMICAL  INDUSTRIES  OR  DISCHAR6E  OF  NONINDUSTRIAL  WASTES. 

THERE  ARE  MANY  SOURCES  OF  DISCHARGE  IN  THE  HOUSTON  SHIP  CHANNEL  OTHER  THAN  OIL  AND  GAS  PRODUCTION  OPERATIONS. 

TX3I       DISCHARGE  Y  Y  Y  NOT  LIST        FISH        SALT  HATER  ALLEGED  ENDANGERMENT  TO  FISH  FROM  NPDES  DISCHARGE 

THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION 
THIS  DISCHARGE  IS  PERMITTED  BY  THE  TEXAS  RAILROAD  COMMISSION 

NPDES  PROVISIONS  OF  THE  SAFE  DRINKING  MATER  ACT.  TEXAS  REQUIRES  PERMITS  FOR  DISCHARGES  THAT  HILL 
NOT  DEGRADE  THE  QUALITY  OF  THE  RECEIVING  HATER  BODY.   THE  STUDY  REFERENCED 
DID  NOT  RECOGNIZE  THE  MI KINS  THAT  OCCURS  BETWEEN  THE  DISCHARGED  AND  RECEIVING  MATERS.  OTHER 
STUDIES  SHOWN  NO  ADVERSE  EFFECTS  FROH  THESE  DISCHARGES. 

TX29       DISCHAR6E  Y  Y  TEXACO/AMOCO  SURF  MTR  SALT  HATER  Y  TEXAS  RAILROAD  COMMISSION  STOPPED  DISCHARGE  TO  BAFFIN  BAY 

THIS  CASE  DOES  NOT  DEMONSTRATE  A  NEED  FOR  ADDITIONAL  REGULATION. 

UPON  REV I EM,  THE  TEXAS  RAILROAD  COMMISSION  REVOKED  THIS  DISCHARGE  PERMIT  DUE  TO  CONCERNS  THE 

DISCHARGE  MAS  ADVERSLY  EFFECTING  THE  QUALITY  OF  THE  RECEIVING  MATERS. 

THIS  DISCHARGE  MAS  ALSO  SUBJECT  TO  REGULATION  OF  EPA  UNDER  NPDES  PROVISIONS  OF  THE 

CLEAN  MATER  ACT. 


i 


DAHA6E  RELATED  TO  ARTIC  PRODUCTION  OPERATIONS 


ADMIN/ 

EPA        EPA       NQN     NON    PENB-  VIOLATES  UNSUB-     MAJOR  CONTAIM    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE       DAMAGE    RCRA  CtifiRNT   IN6     CURft     STAN-      FACTS         CO.         RESOURCE    WSTE  KENT 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    RE6S    TIATED  DISPUTED        NAME  ACTION 


AKIO       SALVAGE    V  Y  Y  NSSr  SURF  HTR  CHEWICALSY  ILLEGAL  AND  UNREPORTED  CHEMICAL  SPILLS 

OPERATION 

THIS  CASE  REFERS  TO  THE  IMPROPER  AND  ILLEGAL  STORAGE  AND  HANDLING  OF  USED  DRUMS  BY  A  COMMERCIAL  SALVAGE  COMPANY. 

THE  ADEC  AND  DNR  ACTED  TO  QUICKLY  DEVELOP  AND  IMPLEMENT  A  CLEAN  UP  PLAN  WITH  THE  SALVAGE  COMPANY  AND 

WITH  NORTH  SLOPE  OPERATORS.   ISSUES  OF  THIS  TYPE  ARE  SPECIFICALLY  ADDRESSED  IN 

ADEC  SPILL  CLEANUP  AND  NOTIFICATION  REQUIREMENTS  DOCUMENTED  IN 

18  AAC  75.080.   NOTE  THAT  AFTER  CLEANUP,  A  MONITORING  PROGRAM  OF  ADJACENT 

TUNDRA  AREAS  AND  PONDS  MAS  UNDERTAKEN.   TEST  SHOWED  THAT  HATER  AND  TUNDRA  MERE 

FREE  OF  CONTAHINCATION. 
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DAMAGE  TO  HATER  WELLS  FOLLOWING  FRACTURING  OPERATIONS  ON  PRODUCING  NELLS 


EPA        EPA       HM     NON    FEND-  VIOLATES  UNSUB-     MAJOR  CONTAIH 
CASE       DAMAGE    RCRA  CURRNT   ING      CURR     STAN-     FACTS         CO.  RESOURCE 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED  MAKE 


ADMIN/ 
CONTAIN  ENFQRCE- 
UASTE  WENT 
ACTION 


EPA  CASE  DESCRIPTION 
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PROD 
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KAISER  6AS     6NDHTR     FRAC  FLUID 


DURING  HORKOVER  OF  6AS  NELL,  FRACTURING  FLUID  REACHED  A  HATER  NELL 


THIS  CASE  IS  NOT  A  HASTE  BUT  PRODUCTION  OPERATIONS  ISSUE.   THE  DAMAGE  HERE  RESULTS  FROM  AN 
ACCIDENT  OR  MALFUNCTION  OF  THE  FRACTURING  PROCESS.   IN  THIS  PROCESS,  PRODUCING  NELLS  HAVE 
SAND  LADEN  FLUIDS  PUMPED  INTO  THE  PRODUCING  FORMATIONS  AT  RATES  THAT  CREATE  CRACKS 
THAT  ARE  PROPPED  OPEN  TO  ALLOW  FLOW  OF  OIL  OR  GAS  TO  THE  HELL BORE.   THE  PROCESS  REQUIRES  THE 
FRACTURES  TO  BE  CREATED  TO  BE  LIMITED  TO  THE  PRODUCING  FORMATION.   IF  THEY  ARE  NOT  AS  IS  THE 
APPARENT  CASE  HERE  OIL  AND  GAS  ARE  LOST  FROM  THE  RESERVOIR  AND  ARE  UNRECOVERABLE. 


PA08       DRLG  6  Y  Y  NDRUESCO        GND  NTR    PROD  HTR  Y 

PROD 

THIS  DAMAGE  CASE  IS  NOT  THE  RESULT  OF  DAMAGE  AFTER  FRACTURINS  OPERATIONS  BUT  RATHER  ILLE6AL 
OPERATIONS  BY  A  PRODUCTION  OPERATOR.   BOTH  THE  PA.  DEPARTMENT  OF  ENVIRONMENTAL  RESOURCES 
AND  PA.  FISH  COMMISSION  CITED  NORHESCO  FOR  ILLEGAL  OPERATIONS  AND  DISCHARGE  OF  PRODUCED  HATERS 
AT  LEAST  1?  TINES.   THE  OPERATOR  SOUGHT  BANKRUPTCY  PROTECTION  BUT  MAS  STILL  REQUIRED  TO  MAKE 
A  CASH  SETTLEMENT  TO  REPLACE  THE  GROUND  HATER  RESOURCES  HE  HAD  DAMAGED. 


DAMAGE  FROM  ILLE6AL  OPERATIONS 
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DAHfiGE  RELATED  TO  PRODUCTION  OPERATIONS  SPILLS 


ADMIN/ 

EPA        EPA       HON     NGN    PEND-  VIOLATES  UNSU8-     MAJOR  CONTAIN    CONTAIN  EHmZ^  EPA  CASE  DESCRIPTION 

CASE       DAMAGE    RCRA  CURRNT   IN6      CURR      STAN-      FACTS         CO.         RESOURCE    WASTE  HENT 
NO.     CATA60RY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED        NAME  ACTION 


AK09       OIL         Y  Y  NOT  LIST        SURF  WTR  OIL  ALLEGED  OIL  SPILL  FROM  OIL  HELL  PLUGGED  PRIOR  TO  1973-75  STUDY 

SPILL 

THIS  IS  AN  OIL  SPILL  INCIDENT.   NO  SAMPLING  HAS  RECORDED  IN  CONNECTION  WITH  THE  OIL  SPILL 
INCIDENT,  AND  MUCH  OF  THE  DAMAGE  CASE  TEXT  IS  ASSUMPTION  AND  SPECULATION.  NUMEROUS  FEDERAL 
AND  STATE  REGULATIONS  REGARDING  POLLUTION  CONTROL  EXIST  (SEC.  311  CLEAN  WATER  ACT),  AND  HOST 
HAVE  BEEN  IMPLEMENTED  SINCE  THE  WRITING  OF  THE  FHS  REPORT  OVER  TEN  YEARS  AGO. 
fiDEC  REGULATION  18  AAC  75.080  REQUIRES  OIL  SPILL  NOTIFICATION  AND  CLEANUP. 

NI05      PROD  Y  TROPE  GND  WTR    PROD  MTR  DAMAGE  FROM  SPILLS  FROH  PRODUCTION  FACILITIES 

THIS  CASE  IN  INCORRECTLY  REFERRED  TO  AS  CAUSED  BY  1HPR0PER  RESERVE  OR  DISPOSAL  PITS. 
THE  CASE  DESCRIPTION  ACTUALLY  INDICATES  THAT  THE  SOURCE  OF  THE  GROUNDWATER  CONTAMINATION  IS  BRINE  STORAGE 
TANKS  AND  CRUDE  OIL  SEPARATOR  FACILITIES.   AS  IS  THE  NORMAL  CASE  IN  MICH IS AH,  THE  GEOLOGICAL 
SURVEY  INVESTIGATED  THOROUGHLY  AND  USED  STIFF  DIAGRAMS  TO  CONFIRM  THE  SIMILARITY  OF  THE  CONSTITUENTS 
OF  THE  FORMATION  PRODUCED  HATER  AND  THE  CHLORIDE  CONTAMINATION  OF  THE  AFFECTED  WATER  WELLS. 
THIS  INDICATES  THE  SOURCE  TO  BE  LEAKS  OR  SPILLS  OF  PRODUCED  WATER  FROM  THE  PRODUCTION  FACILITIES. 
MICHIGAN  REGULATIONS  COVER  SUCH  SPILLS.  MICHIGAN  COMPILED  LAWS,  SECTION  323.1  AND  323.6, 

AS  HELL  DEPARTMENT  OF  NATURAL  RESOURCES  WATER  RESOURCE  COMMISSION  GENERAL  RULE  323.1164  COVER  RELEASES  OF  OIL,  SALT  OR  OTHER  POLLUTING 

MATERIAL.   IMMEDIATE  NOTIFICATION  AND  A  SUBSEQUENT  REPORT  DEALING  WITH  THE  CAUSE,  DISCOVERY,  AND 

CLEANUP 
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GROUNDWATER  CONTAMINATION  FROM  IMPROPERLY  COMPLETED  WELLS 


ADMIN/ 

EPA        EPA       NQN     NON    PEND-  VIOLATES  UNSUB-     MAJOR  CONTAIM    CONTAIN  ENFORCE-  EPA  CASE  DESCRIPTION 

CASE      DAMAGE    RCRA  CURRNT  INB     CURR     STAN-     FACTS         CO.         RESOURCE    HASTE  MENT 
NO.      CATAGORY  ISSUE  PRACTICE  CASE    REGS    TIATED  DISPUTED        NAME  ACTION 


NH03       PROD        Y  Y  MANAMA  6ND  HTR    OIL  ALLEGED  OIL  CONTAMINATION  OF  GND  KTR  BY  PRODUCING  NELL 

THIS  IS  NOT  A  HASTE  ISSUE  BUT  A  CASE  NHERE  A  PRODUCING  HELL  CONTAMINATED  GROUNDWATER 

HITH  HYDROCARBONS.   THE  CASE  HAS  INVESTIGATED  BY  THE  NEH  MEXICO  OIL  CONSERVATION  DIVISION  UNDER 

THEIR  AUTHORITY  TO  REGULATE  PRODUCTION  HELLS. 

NH04       ?m  Y  Y  NOT  LIST        GND  HTR    PROD  HTR/  GROUND  HATER  DAMAGES  FROM  PAST  PRACTICES 

GROUNDWATER  DAMAGES  IN  THE  HOBfiS  NEH  MEXICO  AREA  HAVE  OCCURRED  DUE  TO  APST  PRACTOIL 
LONGER  ALLOWED  BY  THE  NEW  MEXICO  CONSERVATION  DIVISION.   THESE  PAST  PRACTICES  HAVE  BEEN 
REGULATED  BY  BANNED  USE  OF  UNLINED  SALTHATER  DISPOSAL  PITS,  THE  UIC  PROGRAM  OF  INJECTION  HELL 
,  REGULATIONS  UNDER  THE  SAFE  DRINKING  HATER  ACT,  SPCC  REGULATIONS  UNDER  THE  CLEAN  HATER  ACT 

AND  HMEMUS  PRODUCTION  AND  DRILLING  PRACTICES  REGULATIONS.   IT  SRQUib  ALSO  BE  NOTED  THE 
REFERENCE  TO  OIL  ON  AN  AQUIFER  HAS  A  1965  STUDY  AND  CURRENT  STUDIES  REFERENCED  BY  EPA 
INDICATE  CURRENT  PRACTICES  ARE  REDUCING  THE  ENVIRONMENTAL  IMPACT  OF  THESE  OLD  PRACTICES 
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•  ADMITTED  TO  PRACTICE  IN 
KENTUCKY  AND  WEST  VIR0IN1A 


Docket  Clerk 

Office  of  Solid  Waste  (WH-565) 
U.S.  Environmental  Protection  Agency 
401  M  Street,  SW 
Washington ,  DC  20460 


Re:     Docket  No.  F-88-0GRA-FFFFF, 


Dear  Sir: 


Pursuant  to  the  notice  contained  in  the  Federal 
Register  of  January  4,  1988  (53  Fed.  Reg.  81)  ,  please  find 
enclosed  for  filing  the  original  and  two  copies  of  written 
comments  relevant  to  EPA's  Report  to  Congress  on  hazardous  waste 
regulations  of  the  oil  and  gas  industry  which  are  submitted  on 
behalf  of  the  following  trade  organizations  representing  oil  and 
gas  operators  in  seven  Appalachian  states: 


Independent  Oil  and  Gas  Association  of  New  York 
Independent  Oil  and  Gas  Association  of  West  Virginia 
Kentucky  Oil  and  Gas  Association 
Ohio  Oil  and  Gas  Association 
Pennsylvania  Natural  Gas  Associates 
Pennsylvania  Oil  and  Gas  Association 
Tennessee  Oil  and  Gas  Association 
Virginia  Oil  and  Gas  Association 
and  the 

West  Virginia  Oil  and  Natural  Gas  Association. 


REL/ jlv 
Enclosures 


Very  truly  yours, 


David  M.  Flannery 


0 


COMMENTS  REGARDING  THE  UNITED  STATES  ENVIRON- 
MENTAL PROTECTION  AGENCY'S  REPORT  TO  CONGRESS 
WITH  RESPECT  TO  THE  MANAGEMENT  OF  WASTES 
FROM  THE  EXPLORATION ,  DEVELOPMENT  AND 
PRODUCTION  OF  CRUDE  OIL,  NATURAL 
GAS  AND  GEOTHERMAL  ENERGY 
DOCKET  NUMBER  F™ 8  8-OGRA-FFFFF 


ON  BEHALF  OF  THE 

INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF  NEW  YORK 
INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF  WEST  VIRGINIA 
KENTUCKY  OIL  AND  GAS  ASSOCIATION 
OHIO  OIL  AND  GAS  ASSOCIATION 
PENNSYLVANIA  NATURAL  GAS  ASSOCIATES 
PENNSYLVANIA  OIL  AND  GAS  ASSOCIATION 
TENNESSEE  OIL  AND  GAS  ASSOCIATION 
VIRGINIA  OIL  AND  GAS  ASSOCIATION 
and  the 

WEST  VIRGINIA  OIL  AND  NATURAL  GAS  ASSOCIATION 


SUBMITTED  BY: 

ROBINSON  &  McELWEE 

David  M.  Flannery 
Robert  E.  Lannan 

600  United  Center 
Post  Office  Box  1791 
Charleston,  West  Virginia  25326 
(304)  344-5800 


March  14,  1988 
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EXECUTIVE  SUMMARY 


By  notice  contained  in  the  January  4,  1988  Federal 
Register  (53  Fed.  Reg.  81) ,  the  United  States  Environmental 
Protection  Agency  ["EPA"]  completed  one  of  the  final  statutory 
obligations  mandated  to  it  by  Sections  3001(b)(2)  and  8002 (m)  of 
the  Resource  Conservation  and  Recovery  Act  by  submitting  to 
Congress  its  "Report  to  Congress:  Management  of  Wastes  from  the 
Exploration,  Development  and  Production  of  Crude  Oil,  Natural  Gas 
and  Geothermal  Energy."  These  comments  represents  the  continuing 
involvement  of  the  following  trade  organizations  with  EPA*s  study 
process  involving  oil  and  gas  well  drilling  and  production 
wastes: 

Independent  Oil  and  Gas  Association  of  New  York 
Independent  Oil  and  Gas  Association  of  West  Virginia 
Kentucky  Oil  and  Gas  Association 
Ohio  Oil  and  Gas  Association 
Pennsylvania  Natural  Gas  Associates 
Pennsylvania  Oil  and  Gas  Association 
Tennessee  Oil  and  Gas  Association 
Virginia  Oil  and  Gas  Association 
and  the 

West  Virginia  Oil  and  Natural  Gas  Association 
These  trade  organizations  have  come  together  to  call 
EPA 1  s  attention  to  the  fact  that  the  oil  and  gas  industry  in 
Appalachia  is  very  different  from  the  oil  and  gas  industry 
elsewhere  in  the  nation.  A  quick  recitation  of  some  facts 
clearly  illustrate  this  point.  There  is  a  disproportionately 
large  number  of  wells  in  Appalachia,  when  compared  to  elsewhere 
nationally. 
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Appalachian  crude  oil  and  natural  gas  are  strategically 
important  to  the  nation,  contributing  a  significant  percentage  of 
the  nation's  lubricants. 

Our  natural  gas  is  important  not  only  because  of  its 
volume  and  close  proximity  to  major  Northeast  markets ,  but  also 
because  of  the  extensive  use  of  geologic  formations  here  for  the 
storage  and  retrieval  of  natural  gas, 

Appalachian  wells  produce  small  amounts  of  wastes  when 
compared  to  elsewhere  in  the  nation.  The  vast  majority  of 
Appalachian  wells  produce  such  small  amounts  of  product  that  they 
qualify  as  stripper  wells. 

Finally,  because  of  the  climate,  geology,  and  hydrology 
of  the  region,  as  well  as  the  nature  of  the  drilling  and 
production  wastes  in  the  region,  less  reliance  has  been  placed  on 
disposal  techniques  used  elsewhere  in  the  nation.  Concomitantly, 
increased  reliance  on  disposal  techniques  such  as  land 
application ,  roadspreading ,  stream  discharge ,  and  annular 
disposal  has  occurred. 

The  first  major  point  of  concern  raised  by  the  comments 
of  the  Appalachian  Producers  in  response  to  EPA 1 s  specific 
information  request  in  the  January  4,  198  8  Federal  Register 
relates  to  the  scope  of  the  oil  and  gas  exemption.  It  has 
consistently  been  and  continues  to  be  the  position  of  the 
Appalachian  Producers  that  the  scope  of  the  oil  and  gas 
exemption,  as  interpreted  by  EPA,  is  overly  narrow.  While  EPA 
has  recognized  the  critical  importance  of  the  scope  of  the 
exemption    to    the    study,    by   delaying    a    final   decision   on  its 
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interpretation  of  the  scope  of  the  exemption  until  a  time 
subsequent  to  the  completion  of  the  Report  to  Congress ,  EPA  has 
created  a  possibility  that  a  class  of  wastes  properly  included 
within  the  exemption  have  notr  in  fact,  been  studied  by  the 
Agency.  The  Appalachian  Producers  contend  that  the  biggest 
problem  that  EPA  faces  in  its  efforts  to  define  the  scope  of  the 
exemption  is  the  desire  by  EPA  to  narrowly  construe  its  scope  in 
contravention  of  the  mandate  of  Congress  on  this  issue. 

EPA  Report  to  Congress  continues  to  misconstrue  the 
damage  case  evidence,  particularly  in  light  of  EPA's  use  of  this 
data  to  condemn  specific  disposal  techniques .  As  a  general 
matter,  EPA  properly  describes  its  study  of  damage  cases  as  being 
limited  in  nature  and  without  statistical  significance .  The 
Agency  notes  that  the  case  study  approach  is  intended  only  to 
define  the  nature  and  range  of  known  damages,  not  to  estimate  the 
frequency  or  extent  of  damages  associated  with  typical 
operations.  For  this  reason,  the  Agency  concludes  that  the 
numbers  do  not  have  any  statistical  significance  and  do  not  bear 
any  statistically  significant  relationship  to  the  actual  types 
and  distribution  of  damages  that  may  or  may  not  exist  across  the 
nation. 

Nonetheless,  it  is  with  great  concern  that  we  note  that 
EPA,  despite  its  earlier  cautionary  statements,  relies  solely  on 
its  damage  case  analysis  to  support  its  conclusion  condemning 
certain  disposal  techniques  used -by  the  industry,  particularly  in 
the  Appalachian  states.     These  include  land  application, 
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roadspreading ,  stream  discharge ,  and  annular  disposal .  While 
these  specific  waste  disposal  alternatives  are  discussed  more 
completely  in  the  body  of  these  comments,  suffice  it  to  say  that 
in  each  instance,  each  disposal  option  where  practiced  is 
comprehensively  regulated  under  presently  existing  state 
regulations  of  the  Appalachian  states  in  a  manner  which  insures 
the  environmental  acceptability  of  these  techniques  and  that  no 
harm  to  human  health  or  the  environment  occurs.  This  fact  alone 
should  be  enough  to  indicate  to  EPA  that  no  further  regulation  of 
oil  and  gas  drilling  or  production  wastes  is  necessary  in  view  of 
the  presence  of  adequate  state  regulation  of  any  potential 
environmental  problems .  A  condemnation  of  these  practices 
without  a  thorough  examination  of  the  various  state  programs  and 
particularly  in  light  of  EPA 1 s  continued  mischaracterization  of 
many  damage  cases  occurring  in  the  Appalachian  states  is 
unsupportable . 

In  addition,  the  Appalachian  Producers  submit  that  EPA 
has  no  basis  whatsoever  for  concluding  in  the  Report  to  Congress 
that  significant  technical  improvements  in  waste  disposal 
techniques  in  the  oil  and  gas  industry  are  foreseeable  • 
Particularly  as  it  relates  to  operations  in  the  Appalachian 
states ,  this  discussion  is  purely  speculative  and  not  supported 
by  any  objective  findings  of  the  Report  to  Congress .  This  is  a 
matter  of  particular  importance  because  in  the  Appalachian 
states,  unique  waste  management  practices  that  have  evolved  as  a 
function  of  careful  balancing  between  environmental  protection 
and   economical   realities    indicate    that   there    is    no   basis  for 
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believing  any  significant  change  in  waste  disposal  practices  is 
foreseeable  in  this  region. 

The  Appalachian  Producers  are  further  concerned  about 
the  Agency 1 s  recommendation  that  it  is  necessary  to  conduct  a 
further  review  of  state  and  federal  programs  with  a  view  toward 
possible  modification  of  these  programs  to  deal  with  perceived 
problems  regarding  industry  regulation.  Our  review  of  the  Report 
to  Congress  and  our  own  assessment  of  the  state  regulatory 
requirements  in  the  seven  Appalachian  states  involved,  lead  us  to 
believe  that  existing  regulatory  requirements ,  be  they  state  or 
federal,  are  more  than  adequate  to  prevent  or  mitigate  any 
adverse  impacts  on  the  environment  caused  by  the  management  of 
oil  and  gas  drilling  and  production  wastes .  The  overwhelming 
majority  of  damage  cases  cited  by  EPA  in  its  Report  to  Congress 
violate  present  day  regulatory  requirements  and ,  in  fact , 
violated  regulatory  requirements  at  the  time  they  occurred.  EPA 
has  completely  failed  to  recognize  the  significant  evolution  of 
state  oil  and  gas  regulatory  programs  over  the  last  few  years  or 
the  fact  that  major  changes  in  many  Appalachian  state  regulatory 
programs  are  underway  at  the  current  time .  Having  failed  to 
recognize  these  facts,  we  are  unaware  as  to  why  EPA  insists  on 
further  study  of  state  regulatory  programs  and  federal  regulatory 
programs  with  a  view  toward  possible  modification  in  the  future. 

The  Appalachian  Producers  are  also  concerned  that  EPA's 
economic  impact  analysis  does  not  adequately  assess  cost  impact 
on  Appalachian  operations .  EPA 1 s  assessment  has  understated  the 
impact  of   imposing   alternative   requirements   on   the  Appalachian 
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industry .  Correspondingly ,  EPA ' s  economic  analysis  overstates 
baseline  costs  while  understating  the  cost  of  alternative 
requirements.  The  end  result  is  a  masking  of  a  true  cost  of 
imposing  alternative  waste  management  practices  on  the  industry. 
Additionally ,  EPA  has  failed  to  properly  assess  the  impact  of 
these  increased  costs  on  the  industry  in  Appalachian  EPA's 
analysis  is  simply  not  sensitive  enough  to  determine  the  impacts 
of  very  small  increases  on  Appalachian  producers .  The  cost 
analysis  does  not  recognize  that  objectionable  cost  impacts  on 
Appalachian  producers  will  result  not  only  from  imposition  of 
hazardous  waste  regulations,  but  also  from  the  imposition  of  any 
new  regulatory  requirements  under  any  program. 

Finally,  the  Appalachian  Producers  note  that  there  is 
simply  no  justification  for  new  hazardous  or  non-hazardous  waste 
regulations  as  a  result  of  EPA's  study  of  oil  and  gas  drilling 
and  production  wastes.  EPA's  Report  to  Congress  has  concluded 
that  existing  state  and  federal  regulatory  programs  are  adequate. 
The  Report  also  has  identified  the  severe  economic  impacts  that 
would  be  realized  by  the  oil  and  gas  industry  in  general  should 
hazardous  wastes  regulatory  requirements  be  imposed.  This  impact 
would  be  exponentially  increased  in  the  Appalachian  region  should 
any  new  regulations  be  imposed .  These  factors ,  in  combination 
with  EPA's  failure  to  identify  significant  unregulated 
environmental  risks,  compel  the  conclusion  that  no  further 
regulatory  requirements  are  appropriate .  We  do  not  believe  that 
it  is  necessary  or  appropriate  for  any  new  regulatory 
requirements   to   be   imposed   on   any   segment   of   the   oil   and  gas 
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industry.  We  do,  however,  support  the  recommendation  by  EPA  that 
efforts  be  taken  to  develop  cooperative  approaches  with  the 
states  that  would  explore  non-regulatory  support  for  current 
programs  in  the  form  of  funding,  training,  or  technical  support. 

Alternatively,  although  the  Appalachian  Producers  do 
not  feel  that  it  is  necessary  or  appropriate  for  any  new 
regulatory  requirements  to  be  imposed  on  the  oil  and  gas 
industry,  should  EPA  nevertheless  be  inclined  to  pursue 
regulations  in  response  to  this  study,  we  feel  that  circumstances 
surrounding  operations  in  the  Appalachian  states  justify 
exempting  these  operations  from  any  of  the  new  regulatory 
requirements  finally  promulgated .  Because  of  the  minimal  nature 
of  the  waste  streams  involved;  the  proven  adequacy  of  the 
existing  regulatory  programs;  and  the  enormous  cost  impact  of 
imposing  additional  requirements ,  a  conclusion  is  compelled  that 
current  regulatory  and  waste  management  requirements  in 
Appalachia  should  not  be  altered  as  part  of  the  establishment  of 
any  national  environmental  regulatory  program  to  control  oil  and 
gas  drilling  and  production  wastes. 

State  regulatory  programs  have  more  than  enough 
authority  to  appropriately  change  their  own  programs  if  there  is 
a  need.  Expertise  also  exists  at  the  state  level  to  fashion  an 
appropriate  regulatory  program  which  addresses  whatever 
environmental  concerns  exist ,  while  recognizing  the  economic 
capabilities  of  these  operations.  A  review  of  this  document 
leads  us  to  believe  the  Agency  has  several  options  available  to 
it       which       will       result       in       a       different  regulatory 
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process  as  it  effects  oil  and  gas  drilling  at  production  wastes. 
In  considering  these  approaches ,  it  continues  to  be  the  position 
of  the  Appalachian  Producers  that  no  regulations  of  any  kind  are 
necessary  and  that  adequate  state  and  federal  regulatory 
authority  already  exists  to  handle  any  environmental  problems 
attributable  to  the  industry.  It  is  our  belief  that  after 
competent  review  of  the  existing  state  and  federal  regulatory 
authorities  and  disposal  practices  employed  in  the  Appalachian 
region,  the  inalterable  conclusion  must  be  that  neither  Subtitle 
C  or  any  other  regulations  justify  change. 
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INTRODUCTION. 


On  Monday,  January  4,  1988  (53  Fed.  Reg.  81),  the 
United  States  Environmental  Protection  Agency  [ "EPA" ]  announced 
the  publication  and  availability  for  public  comment  of  its 
"Report  to  Congress :  Management  of  Wastes  from  the  Exploration, 
Development,  and  Production  of  Crude  Oil,  Natural  Gas  and 
Geothermal  Energy"  ["Report  to  Congress"].  The  Report  to 
Congress  was  prepared  pursuant  to  the  statutory  mandate  of 
Sections  3001(b)(2)  and  8002(m)  of  the  Resource  Conservation  and 
Recovery  Act,    42  U.S.C.S.   §§6921  (b)  (2)  ,   6982  (m)    (1982)    ["RCRA"] . 

Federal  Register  notice  announced  the  availability  of  the 
Report  to  Congress  and  requested  submission  of  public  comment  by 
March  15,  19  88.  EPA  also  announced  that  it  would  hold  five 
public  hearings  on  the  Report  to  Congress,  the  first  of  which  was 
scheduled  for  Washington,  D.C.  on  February  23,  1988. 

These  comments  are  being  filed  pursuant  to  the  Federal 
Register  notice  of  January  4 ,  1988 ,  on  behalf  of  the  nine  trade 
organizations  representing  oil  and  gas  operators  in  seven 
Appalachian  states.     These  organization  are  as  follows: 

Independent  Oil  and  Gas  Association  of  New  York 
Independent  Oil  and  Gas  Association  of  West  Virginia 
Kentucky  Oil  and  Gas  Association 
Ohio  Oil  and  Gas  Association 
Pennsylvania  Natural  Gas  Associates 
Pennsylvania  Oil  and  Gas  Association 
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Tennessee  Oil  and  Gas  Association 
Virginia  Oil  and  Gas  Association 
and  the 

West  Virginia  Oil  and  Natural  Gas  Association 
These  organizations  will  be  collectively  referred  to  throughout 
these  comments  as  the  "Appalachian  Producers." 


II, 


BACKGROUND  OF  APPALACHIAN  PRODUCERS . 


A»      Participating  Trade  Organizations. 

To  better  understand  the  unique  interests  of  the 
Appalachian  Producers,  a  brief  description  of  each  of  the  nine 
participating  trade  organizations  follows: 

1 .       Independent  Oil  and  Gas  Association  of  New  York. 

The  Independent  Oil  and  Gas  Association  of  New 
York  is  a  non-profit  trade  organization  representing  oil  and  gas 
producers  and  related  industries  operating  in  New  York  State . 
IOGA  of  New  York  represents  160  member  companies .  The  purposes 
of  the  organization  are  to  protect,  promote,  foster,  and  advance 
the  interests  of  oil  and  gas  producers  operating  in  New  York 
State.  The  Association  was  formed  in  1980.  In  connection  with 
these  expressed  purposes ,  the  organization  works  to  establish 
better  relationships  with  the  New  York  State  Legislature, 
regulatory  agencies ,  and  other  oil  and  gas  trade  organizations 
across  the  country. 
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2 ■       Independent  Oil  and  Gas  Association  of  West 
Virginia, 

The  Independent  Oil  and  Gas  Association  of  West 
Virginia  is  a  non-profit  state  trade  association  representing 
more  than  170  companies  engaged  in  the  extraction  and  production 
of  oil  and  natural  gas  in  West  Virginia .  In  addition ,  its 
membership  includes  nearly  400  other  drilling,  contracting,  or 
supplier  companies,  professional  firms,  and  royalty  owners.  The 
organization  is  dedicated  to  promoting  and  protecting  a  strong, 
competitive  and  capable  independent  oil  and  natural  gas  producing 
industry  in  West  Virginia,  as  well  as  on  the  national  level.  Its 
Board  of  Directors  and  staff  work  to  maintain  close  liaison  with 
state  and  federal  agencies  regulating  the  oil  and  natural  gas 
industry;  to  disseminate  information  relevant  to  member  needs;  to 
promote  the  legislative  goals  of  the  Association;  and  to 
establish  media  and  community  relations  to  inform  and  educate  the 
general  public  on  the  economic  importance  of  the  oil  and  natural 
gas  industry  to  the  State  of  West  Virginia. 

3.      Kentucky  Oil  and  Gas  Association. 

The  Kentucky  Oil  and  Gas  Association  (KOGA)  is  a 
non-profit  statewide  trade  association  with  589  members , 
representing  crude  oil  and  natural  gas  producers,  mineral  royalty 
owners,  drilling  companies,  and  persons  in  related  businesses. 
The  purpose  of  KOGA  is  to  promote  the  common  interest  of  the  oil 
and  gas  industry  and  to  represent  the  industry  on  energy, 
environmental,  economic,  legislative,  and  regulatory  issues. 
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4.  Ohio  Oil  and  Gas  Association. 

The  Ohio  Oil  and  Gas  Association  is  a  non-profit 
state  trade  association  representing  more  than  2 , 100  companies 
and  individuals  which  comprise  independent  producers , 
contractors ,  professionals ,  royalty  owners ,  and  others  in  allied 
fields,  all  of  whom  are  engaged  in,  or  have  a  direct  interest  in, 
the  production  of  oil  and  natural  gas  in  the  State  of  Ohio.  The 
purposes  of  the  Association  are  to  protect ,  promote  f  foster ,  and 
advance  the  common  interest  of  those  engaged  in  the  industry ;  to 
act  as  an  information  clearinghouse  in  the  collection  and 
dissemination  of  pertinent  information;  to  promote  better 
operating  practices  and  improved  production  methods;  to  conserve 
oil  and  gas  and  to  prevent  its  waste;  and,  generally,  to  do  such 
things  as  may  be  necessary  to  accomplish  these  purposes .  The 
Association  also  works  to  establish  better  relationships  with  the 
Ohio  General  Assembly,  the  United  States  Congress,  and  both  state 
and  federal  agencies.  It  also  maintains  close  relationships  with 
other  oil  and  gas  industry  organizations  who  have  similar 
interests  and  goals. 

5 .  Pennsylvania  Natural  Gas  Associates. 

The  Pennsylvania  Natural  Gas  Associates  (PNGA)  is 
a  non-profit  trade  association  representing  companies  engaged  in 
the  exploration,  development,  and  production  of  natural  gas  along 
with  various  industry-related  service  companies.  PNGA  is 
headquartered  in  Harrisburg ,  Pennsylvania .  Its  membership 
includes  approximately  55  companies  of  various  sizes  responsible 
for  operating  the  vast  majority  of   independently  owned  natural 
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gas  wells  located  in  the  Commonwealth.  PNG  A  was  formed  in  1981 
to  encourage  and  promote  professionalism  in  the  exploration, 
development ,  and  production  of  natural  gas ;  to  provide  a  forum 
for  members  of  the  Association  to  exchange  views  and  expand  their 
knowledge  relative  to  natural  gas  exploration,  development,  and 
production;  to  assist  members  in  educating  and  encouraging  the 
public  to  consider  and  appreciate  the  importance  of  natural  gas 
issues  and  to  urge  members  to  achieve  higher  degrees  of  success 
and  to  adhere  to  high  industry  standards;  to  effect  liaison  with 
other  associations ,  agents ,  companies ,  governmental  bodies ,  and 
regulatory  agencies  and  to  encourage  compliance  with  lawful 
regulation  of  ail  segments  of  the  natural  gas  industry. 

6.      Pennsylvania  Oil  and  Gas  Association. 

The  Pennsylvania  Oil  and  Gas  Association  is  a 
non-profit  state  trade  association  representing  the  state 1 s 
independent  oil  and  natural  gas  producers  and  the  allied 
industries  that  serve  them.  The  Association's  membership  numbers 
approximately  600  companies ,  70  percent  of  which  are  directly 
involved  in  oil  and  gas  production.  The  aim  of  the  Association 
is  to  promote  the  general  welfare  of  the  oil  and  gas  industry  in 
Pennsylvania,  and  to  educate  the  industry  and  public  on  energy, 
environmental ,  economic  and  governmental  issues ■  To  accomplish 
these  goals,  the  organization  works  within  all  levels  and 
branches  of  government,  disseminates  information  through  its  own 
publications  and  the  media,  sponsors  research,  and  offers  a 
variety  of  educational  programs. 
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7.  Tennessee  Oil  and  Gas  Association. 

The  Tennessee  Oil  and  Gas  Association  is  a 
non-profit  state  trade  association  with  160  members  representing 
companies  and  individuals  engaged  in  all  facets  of  the  oil  and 
gas  industry  from  exploration  and  development  to  transportation 
and  sales  and  others  in  allied  fields  such  as  professionals  and 
suppliers,  all  of  whom  are  engaged  in,  or  have  a  direct  interest 
in,  the  production  of  oil  and  gas  in  the  State  of  Tennessee.  The 
purpose  of  the  Association  is  the  advancement  of  a  common 
interest  of  all  those  engaged  in  the  industry  by  the  collection 
and  distribution  of  pertinent  information,  education  of  the 
industry  and  public  on  matters  pertaining  to  the  industry,  and  to 
maintain  a  close  liaison  with  governmental  and  regulatory 
agencies  of  the  industry. 

8 .  Virginia  Oil  and  Gas  Association. 

The  Virginia  Oil  and  Gas  Association  is  a  trade 
association  organized  to  promote  the  interest  of  the  oil  and  gas 
industry  in  the  Commonwealth  of  Virginia.  Its  activities  include 
providing  the  general  public  and  legislative  and  administrative 
bodies  information  concerning  oil  and  gas  operations  in  Virginia 
and  representing  the  interests  of  its  members  before  legislative 
and  administrative  bodies  whose  actions  may  have  an  impact  on  the 
industry  in  Virginia.  The  Association  is  open  to  any  person  or 
entity  with  an  interest  in  the  oil  and  gas  industry  and  its 
current  membership  includes  individual  and  corporate 
representatives  from  interstate  pipelines ,  local  distribution 
companies,     exploration     and     production     companies,  including 
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independent  operators  and  major  oil  companies ,  and  oil  field 
service  and  supply  companies, 

9 .      West  Virginia  Oil  and  Natural  Gas  Association, 

The  West  Virginia  Oil  and  Natural  Gas  Association, 
headquartered  in  Charleston,  West  Virginia,  is  a  non-profit  state 
trade  association  representing  producers ,  contractors ,  and  those 
businesses  that  are  directly  related  to  the  oil  and  gas  industry. 
It  has  a  membership  of  approximately  55  companies .  The 
organization  is  charged  with  the  object  of  fostering  and 
advancing  the  common  interest  of  those  engaged  in  the  industry  by 
all  beneficial  or  helpful  legal  actions  and  to  disseminate 
pertinent  data  and  information  useful  or  necessary  in  the 
operations  of  the  oil  and  gas  business  •  The  further  duties  and 
services  of  WVONGA  include  maintaining  close  liaison  with  state 
and  federal  agencies  regulating  the  oil  and  gas  industry. 
B*      Special  Characteristics  of  Appalachia. 

These  nine  trade  organizations  have  come  together  to 
call  EPA's  attention  to  the  fact  that  the  oil  and  gas  industry  in 
Appalachia  is  very  different  from  the  oil  and  gas  industry  in  the 
rest  of  the  nation.  To  illustrate  this  point,  we  offer  the 
following  facts : 

1 .       Large  Number  of  Wells. 

There  is  a  disproportionately  large  number  of 
wells  in  Appalachia .  While  the  region  has  only  3 . 1  percent  of 
the  nation1  s  natural  gas  production,  it  has  44  percent  of  the 
nation's  natural  gas  wells.  For  oil,  Appalachia  has  1.2  percent 
of  the  production  and   14.2  percent  of  the  wells.     In   1985,  26 
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percent  of  all  new  wells  drilled  in  the  nation  were  drilled  in 
the  Appalachian  states. 

2 .  Strategic  Importance  of  Region. 

Appalachian  crude  oil  and  natural  gas  are 
strategically  important  to  the  nation .  While  our  crude  oil 
accounts  for  only  1.2  percent  of  the  nation's  production,  it 
contributes  more  than  14  percent  of  the  nation1 s  lubricants  and 
more  than  24  percent  of  the  nation's  automobile  lubricants  with 
additives .  Our  natural  gas  production  is  also  important  beyond 
its  mere  volume  because  of  its  close  proximity  to  major  Northeast 
markets  and  because  of  the  extensive  use  of  geologic  formations 
in  Appalachia  for  the  storage  and  retrieval  of  natural  gas. 

3 .  Small  Quantities  of  Waste. 

Appalachian  wells  produce  small  amounts  of  waste. 
Our  survey  of  more  than  5,000  primary  production  oil  wells  and 
12,000  natural  gas  wells  in  Appalachia  reveals  that  97  percent  of 
the  wells  produce  less  than  an  average  of  one  barrel  of  water  per 
day.  Furthermore,  our  drilling  pits  are  typically  among  the 
smallest  in  the  nation. 

4 .  Nearly  All  Wells  Are  Stripper  Wells. 

The  vast  majority  of  Appalachian  wells  produce 
such  small  amounts  of  crude  oil  and  natural  gas  that  they  qualify 
as  stripper  wells .  Our  survey  repeals  that  99  percent  of  all 
crude  oil  wells  and  97  percent  of-  natural  gas  wells  satisfy  the 
FERC  test  for  stripper  wells.  This  makes  the  entire  Appalachian 
region  extremely  sensitive  to  any  increase  in  costs. 
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5.       Specialized  Waste  Disposal  Practices, 

Finally,  a  unique  combination  of  waste  disposal 
practices  have  evolved  in  Appalachia.  The  climate,  geology,  and 
hydrology  of  the  region  as  well  as  the  nature  of  the  region's 
drilling  and  production  wastes  have  resulted  in  less  reliance  on 
such  disposal  techniques  as  evaporation  and  centralized 
underground  injection  and  in  increased  reliance  on  such  disposal 
techniques  as  land  application ,  roadspreading ,  stream  discharge , 
and  annular  disposal. 

These  factors  and  others ,  taken  individually  or 
collectively,  create  a  very  special  set  of  circumstances  that 
must  be  specifically  addressed  in  this  study.  Our  comments  on 
the  Report  to  Congress  will  focus  on  these  special  circumstances 
and  how  they  should  be  reflected  in  EPA's  followup  to  the  report. 
C.      Previous  Involvement  With  EPA. 

It  should  be  recognized  that  these  comments  have  been 
preceded  by  a  long  series  of  meetings  with  EPA  including  ones 
occurring: 

April  30,  1986, 
°        July  23,  1986, 
0        December  13,  1986, 
°        February  24,  1987, 
°        June  2,  1987, 
0        June  9,  1987,  and 

July  15,  1987. 

Eight  formal  sets  of  comments  have  also  been  filed  by  the  nine 
trade  associations  with  respect  to  various  phases  of  the  study 
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process.  The  comments  include  those  filed  with  EPA  on  the 
following  dates: 

0        January  15 r  1987   [Interim  Report  on 

Methodology] ; 
0        February  10,  1987   [Economic  Impact]; 
°        February  23,  1987   [Damage  Cases]? 
°        June  11,  1987   [Damage  Cases]; 
0        June  13,  1987   [Interim  Report  of  April  30, 
1987]; 

0        August  18,  19  87   [Preliminary  Draft  Report  of 

July  31,   1987] ; 
°        October  13,  1987   [Draft  Report  of  August  31, 

1987] ;  and 

°        November  30,  1987  [Draft  Report  of  October 
22,   1987] . 

In  addition,  the  Appalachian  Producers  have  appeared  at  public 
hearings  held  in  Washington,  D.C.  on  December  3,  1986,  and 
February  23,  1988. 

We  request  that  the  eight  sets  of  written  comments 
previously  filed  with  EPA  by  the  Appalachian  Producers  and  the 
testimony  of  the  Appalachian  Producers  at  the  two  public  hearings 
be  incorporated  into  these  comments  by  reference. 

As  will  be  evident  from  a  review  of  these  comments,  the 
potential  impact  of  the  imposition  of  any  new  regulatory 
requirements  on  the  Appalachian  Producers  would  be  devastating. 
We  urge  EPA  to  carefully  review  the  special  circumstances 
surrounding      the     Appalachian     Producers      in      light     of  the 
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Congressional  mandate  of  RCRA  Sections  3001(b)(2)  and  8002 (m)  and 
to  determine  that  no  changes  in  any  regulatory  requirements  are 
necessary  to  prevent  or  mitigate  adverse  impact  on  human  health 
or  the  environment  resulting  from  the  management  of  oil  and  gas 
wastes . 

III.  COMMENTS  ON  THE  REPORT  TO  CONGRESS. 


In  many  ways,  the  Report  to  Congress  filed  on  December 
31,  1987  is  a  vast  improvement  over  earlier  versions .  This  i s 
particularly  true  when  comparing  the  Report  to  Congress  with  the 
interim  draft  of  that  report  issued  on  April  30,  1987,  which  was 
repleat  with  emotion  and  bad  information.  Even  though  improved, 
the  final  Report  to  Congress  fails  in  many  ways  to  satisfy  the 
Congressional  mandate  for  a  "detailed  and  comprehensive  study 
...  on  the  adverse  effects,  if  any,  of  drilling  fluids, 
produced  waters,  and  other  wastes  associated  .  .  .  42 
U.S.C.S.  §6982(m)  (i)  (1982)  . 

Beyond  the  factual  and  legal  errors  contained  in  the 
Report  to  Congress,  one  of  the  most  serious  flaws  with  the  report 
is  its  overall  negative  tone.  Even  though  EPA  has  identified  no 
significant  concern  over  either  the  current  waste  management 
practices  of  the  industry  or  the  adequacy  of  current  regulatory 
requirements ,  much  of  the  report  is  written  in  unscientific  and 
emotional  terms  that  undermine  the  objectivity  of  the  report. 

These  comments  will  focus  on  several  major  issues 
related  to   the  report  beginning  with  the  two  matters   that  were 
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the  subject  of  EPA's  specific  information  request  in  the  January 
4,  1988  Federal  Register,  i.e.,  the  scope  of  the  exemption  and 
produced  water  injected  for  enhanced  recovery.  Our  comments  will 
also  address  the  future  direction  of  the  study  and  the  related 
rulemaking  considerations. 

A.      The  Scope  of  the  Exemption  is  Overly  Narrow. 

By  identifying  the  scope  of  the  exemption  in  the 
January  4,  1988  Federal  Register  publication  as  a  matter 
requiring  special  comment,  EPA  has  recognized  the  critical  nature 
of  this  issue.  The  Appalachian  Producers  first  discussed  the 
scope  of  the  exemption  with  EPA  in  a  meeting  held  on  April  30 , 
1986.  At  that  time,  we  urged  EPA  to  make  an  early  determination 
as  to  which  wastes  were  properly  included  within  the  scope  of  the 
exemption,  and  therefore,  within  the  scope  of  the  study. 

Notwithstanding  this  early  discussion  of  the  issue,  we 
now  find  ourselves  again  commenting  on  the  appropriate 
interpretation  of  this  term  —  after  the  final  Report  to  Congress 
has  been  completed.  By  delaying  a  final  decision  on  the  scope  of 
the  exemption  until  a  time  subsequent  to  a  completion  of  the 
Report  to  Congress,  EPA  has  created  the  very  real  possibility 
that  it  may  define  a  class  of  wastes  that  are  properly  included 
within  the  exemption  only  to  find  that  the  Report  to  Congress  has 
not  considered  those  wastes. 

The  biggest  problem  contributing  to  EPA's  inability  to 
define  the  scope  of  the  exemption  is  its  apparent  desire  to 
narrowly  construe  the  exemption  and,  therefore,  the  nature  of  the 
wastes   which   should   be    included   within   the    study.      Both  RCRA 
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Section  3001(b)(2)  and  Section  8002 (m) (1)  direct  EPA  to  examine 
"drilling  fluids,  produced  waters,  and  other  wastes  associated 
with  the  exploration,  development,  or  production  of  crude  oil  or 
natural  gas  .  .  .  . "  Neither  the  statute  nor  the  legislative 
history  contain  any  amplification  of  the  terms  "drilling  fluids" 
and  "produced  waters";  however,  the  legislative  history  does 
contain  an  elaboration  of  the  meaning  of  the  term  "other  wastes 
associated."  On  page  11-17  of  the  Report  to  Congress,  EPA 
recognizes  the  limited  nature  of  this  legislative  history,  but 
nevertheless,  extends  that  legislative  history  not  only  to  "other 
wastes  associated,"  but  also  to  "drilling  fluids"  and  "produced 
waters. " 

We  submit  that  any  reasonable  interpretation  of  the 
scope  of  the  exemption  results  in  the  conclusion  that  "drilling 
fluids"  and  "produced  waters"  should  be  included  without 
limitation  in  the  exemption ,  and ,  therefore ,  the  study .  Neither 
the  statute  nor  the  legislative  history  suggest  that  Congress 
contemplated  any  limitations  whatsoever  on  the  scope  of  the 
exemption  of  these  wastes .  Instead ,  it  appears  that  Congress 
intended  this  exemption  to  apply  to  drilling  fluids  and  produced 
waters  whether  they  are  discarded  at  the  wellhead  or  at  any  other 
point  downstream  in  the  exploration ,  development ,  or  production 
of  crude  oil  or  natural  gas .  We  believe  that  the  exemption 
terminates  with  respect  to  drilling  fluids  and  produced  waters 
only  at  the  point  of  completion  of  the  process  of  exploration, 
development,  or  production  of  crude  oil  or  natural  gas  which 
should  generally  occur  at  the  point  of  delivery  of  crude  oil  for 
refining  or  of  natural  gas  for  manufacturing  or  burning. 
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With  respect  to  "other  wastes  associated, 11  the 
legislative  history  suggests  that  Congress  intended  that  in 
interpreting  whether  those  wastes  would  be  included  within  the 
exemption  or  not,  EPA  should  take  account  of  such  factors  as: 

°        the  relationship  of  such  waste  to  primary  field 
operations; 

0        the  point  of  custody  transfer; 

0        the  point  of  production  separation,  dehydration  or 
transportation ;  and 

°  manufacturing  operations. 
The  difficulty  with  these  criteria  when  applied  to  real  world 
situations  is  that  tying  the  scope  of  the  exemption  to  such 
factors  as  custody  transfer  may  cause  the  scope  to  vary  even 
within  individual  crude  oil  or  natural  gas  systems.  As  a  matter 
of  administrative  convenience,  therefore,  we  urge  EPA  to  define 
the  scope  of  the  exemption  with  respect  to  "other  wastes 
associated"  to  have  the  same  bounds  as  the  exemption  applicable 
to  drilling  fluids  and  produced  waters ,  i.e . f  all  wastes  should 
be  exempt  to  the  point  of  delivery  of  crude  oil  for  refining  or 
of  natural  gas  for  manufacturing  or  burning. 

Beyond  administrative  convenience ,  we  believe  that 
Congress  intended  EPA  to  apply  a  broad  interpretation  to  defining 
the  scope  of  the  exemption.  The  rationale  behind  broadly 
interpreting  the  exemption  is  obvious.  A  broad  interpretation  of 
the  exemption  would  mean  that  EPA  would  broadly  study  these 
wastes  leading  to  specific  regulatory  determinations  as  to 
specific  waste  streams.     This  view  was  confirmed  in  the  November 
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17 ,    1987   letter  to  EPA  Administrator  Thomas   from  the  Honorable 

Quentin     N .      Burdick ,      Chairman  ,      U.S.      Senate     Committee  on 

Environment  and  Public  Works.     A  copy  of  Senator  Burdick 's  letter 

is  attached  and  identified  as  Exhibit  A.     In  that  letter,  Senator 

Burdick  stated: 

A  review  of  §8002  (m)  of  RCRA  and  the 
legislative  history  associated  with  that 
section  reveals  the  clear  intent  of  Congress 
that  the  scope  of  the  study  be  broadly 
interpreted  to  include  all  drilling  fluids 
and  produced  waters  wherever  they  occur  as 
well  as  associated  wastes  intrinsically 
derived  from  primary  field  operations.  Given 
this  Congressional  intent,  I  urge  you  to 
include  within  the  study  the  broadest 
possible  scope  of  wastes  associated  with  this 
industry. 

We  also  urge  EPA  to  broadly  interpret  the  scope  of  the 
exemption  and  the  wastes  which  are  properly  included  within  its 
study  of  the  oil  and  gas  industry.  A  broad  interpretation  of  the 
exemption  would  be  consistent  with  the  Congressional  mandate 
related  to  the  study  and  would  not  preclude  EPA  from  regulating 
any  wastes  included  within  the  exemption.  To  the  contrary, 
including  a  waste  within  the  exemption  would  allow  that  waste  to 
be  carefully  studied  by  EPA  with  a  view  towards  making  an 
informed  decision  as  to  whether  or  not  that  waste  should  be 
subject  to  regulation  pursuant  to  RCRA  Subtitle  C  or  pursuant  to 
any  other  regulatory  program.  Thus,  a  broad  interpretation  of 
the  oil  and  gas  exemption  at  this  time  would  preserve  EPA's  right 
to  impose  further  regulation  on  the  exempt  waste  streams  at  a 
later  date  should  that  action  become  warranted. 
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Before  turning  to  several  specific  items  of  concern 
about  EPA's  current  interpretation  of  the  scope  of  the  exemption, 
we  will  recognize  several  aspects  of  the  current  interpretation 
that  we  can  support.  First,  EPA  has  abandoned  its  earlier 
proposal  that  the  exemption  should  extend  only  to  wastes  that  are 
generated  at  the  primary  field  site.  Even  with  respect  to  "other 
wastes  associated, 11  the  legislative  history  expressly  provides 
that  the  exemption  was  meant  to  apply  to  wastes  "intrinsically 
derived  from  the  primary  field  operations."  This  would  obviously 
extend  to  those  wastes  whether  generated  at  the  primary  field 
site  or  elsewhere  as  long  as  they  were  "intrinsically  derived 
from  the  primary  field  operations." 

EPA  has  also  given  proper  recognition  to  the  fact  that 
even  marginal  field  operations  will  result  in  some  small  volume 
of  non-exempt  wastes  necessarily  becoming  mixed  with  such  exempt 
wastes  as  reserve  pit  contents.  See  Report  to  Congress,  p. 11-17. 
In  such  a  situation,  EPA  is  correct  in  extending  the  exemption  to 
include  the  mixture  of  the  exempt  and  the  non-exempt  waste.  Any 
obligation  therefore ,  to  segregate  materials  should  extend  only 
to  the  segregation  of  "unused"  materials ,  such  as  pipe  dope  and 
motor  oil,  and  not  to  the  portions  of  those  non-exempt  wastes 
that  become  inherently  mixed  with  exempt  waste  during  normal 
field  operations. 

EPA  has  also  correctly  included  within  the  scope  of  the 
exemption  "waste  from  subsurface  gas  storage  and  retrieval."  See 
Report  to  Congress ,  p . 11-20 .  This  is  an  obvious  reference  to 
wastes    generated    by    wells    associated    with    the    storage  and 
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retrieval  of  natural  gas  in  geologic  formations.  Those  wells  are 
drilled  and  completed  using  the  same  techniques  that  are  utilized 
in  drilling  primary  production  wells.  The  operation  of  gas 
storage  wells  is  also  similar  to  production  wells ,  except  for  the 
injection  of  natural  gas  during  the  summer  injection  cycle.  In 
most  cases,  storage  fields  are  developed  from  depleted,  or  nearly 
depleted,  natural  gas  production  fields.  During  withdrawal  of 
the  natural  gas,  waters  may  be  produced  that  are  very  similar  to 
the  waters  that  are  produced  by  a  typical  Appalachian  production 
well .  The  inclusion  within  the  exemption  of  wastes  from 
subsurface  gas  storage  and  retrieval  is ,  therefore ,  entirely 
appropriate. 

We  also  support  EPA's  conclusion  that  the  exemption 
should  extend  not  only  to  material  extracted  from  or  injected 
into  the  ground,  but  also  to  material  introduced  at  the  surface 
to  prevent  freezing  or  to  remove  paraffin  or  otherwise  to  enhance 
the  performance  of  surface  facilities .  See  Report  to  Congress , 
p. 11-18. 

We  are  also  supportive  of  EPA's  efforts  in  paragraph  3 
on  page  11-18  of  the  Report  to  Congress  to  clarify  the  breakpoint 
between  primary  field  operations  on  the  one  hand  and 
transportation  or  manufacturing  on  the  other.  While  EPA's 
language  is  not  entirely  clear  on  this  point ,  we  believe  EPA 
intends  for  this  breakpoint  to  be  defined,  in  the  case  of  crude 
oil,  at  the  point  where  the  oil  is  transported  to  a  refinery  or 
to  a  refiner,  and  in  the  case  of  natural  gas,  at  the  point  where 
the  gas  is  transferred  to  a  carrier  for  transport  to  market.  As 
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we  advised  EPA  in  our  comments  of  October  13,   1987,  a  very  large 
percentage  of  crude  oil  in  Appalachia  is  moved  from  stock  tanks 
located    at    or    near    the    well    site    to    intermediate  storage 
facilities    prior    to    being    transported    to    refineries.  While 
reasonable    efforts    are   made    at   the   well    site    stock    tanks  to 
remove  water  from  the  crude  oil  prior  to  being  loaded  into  trucks 
for    transportation    to    these    intermediate    storage    facilities , 
there  is  necessarily  a  quantity  of  water  that  is  carried  with  the 
oil   to  the   intermediate   storage   areas  where   is   it   removed  and 
handled  as  nonhazardous  waste.     The  volume  of  water  generated  at 
the    intermediate    storage    tanks    is    certainly    much    smaller  in 
quantity   than   the   water   that   is   generated   at   the   stock  tanks 
located  at  or  near  the  well  site.     However,   it  is  important  that 
the  exemption  extend  to  all  of  this  produced  water  since  it  is 
all  part  of  the  integral  process  of  accumulating  the  crude  oil  in 
advance   of   its   transportation   for   refining.     While   we  believe 
EPA's  interpretation  of  the  scope  of  the  exemption  as  contained 
on    page    11-18    of    the    Report    to    Congress,    contemplates  this 
activity   being   within    the    scope    of    the    exemption,  additional 
clarification  of  this  point  would  be  useful. 

Turning  to  areas  of  disagreement  with  EPA 1 s  current 
interpretation  of  the  scope  of  the  exemption,  we  offer  the 
following  comments: 

1 .       Separation  Media. 

On  page  11-20  of  the  Report  to  Congress,  EPA 
identified  among  non-exempt  wastes  "waste  iron  sponge ,  glycol , 
and   other   separation  media."     We   strongly   disagree   with  EPA's 
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determination  that  these  materials  should  not  be  included  within 
the  scope  of  the  exemption  and  the  study.  These  wastes 
intrinsically  are  derived  from  primary  field  operations  and,  as 
such,  fall  within  the  category  of  exempt  waste  known  as  "other 
wastes  associated. "  EPA  itself  concedes  on  page  11-18  of  the 
Report  to  Congress  that  exempt  wastes  include  those  wastes 
associated  with  measures  "to  remove  impurities"  from  crude  oil  or 
natural  gas.  We  urge  that  these  materials  be  included  within  the 
scope  of  the  exemption. 

2 .      Recycled  Materials. 

While  EPA  addresses  produced  water  that  is 
used  in  enhanced  recovery  (see  subsequent  comment) ,  its  current 
interpretation  of  the  scope  of  the  exemption  does  not  address  the 
reuse  or  recycle  of  other  materials.  40  CFR  §261.6  identifies 
the  circumstances  under  which  these  materials  would  not  be 
treated  as  hazardous  waste  under  the  existing  RCRA  Subtitle  C 
regulatory  program.  EPA's  interpretation  of  the  scope  of  the 
exemption  should  recognize  this  universe  of  waste  as  not  being 
subject  to  hazardous  waste  regulation. 

B.      Produced  Water  Injected  for  Enhanced  Recovery 

Should  Not  Be  Considered  a  Waste.  

The  second  of  the  specific  issues  identified  in  the 
January  4 ,  1988  Federal  Register  relates  to  whether  produced 
water  injected  for  enhanced  oil  recovery  should  be  considered  a 
waste.  We  believe  the  answer  to  this  question  is  clearly  no.  On 
page  11-18  of  the  Report  to  Congress,  EPA  proposes  to  interpret 
the  scope  of  the  exemption  as  including  the  injection  of  produced 
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water  for  the  enhanced  recovery  of  oil  and  gas.  We  have  no  doubt 
but  that  produced  water  used  in  this  application  is  not  a  waste 
material  and  should  not  be  considered  for  inclusion  within  any 
RCRA  Subtitle  C  or  other  regulatory  program  aimed  at  the 
regulation  of  wastes.  Absent  the  availability  of  produced  water 
for  this  purpose,  operators  of  enhanced  oil  recovery  facilities 
would  be  required  to  acquire  water  for  injection  purposes. 
Produced  water  is  therefore  an  effective  substitute  for  water 
that  would  otherwise  need  to  be  acquired  to  facilitate  enhanced 
recovery  operations  and  should  not  be  considered  a  waste. 
C.      EPA  Has  Correctly  Included  the  Seven  Appalachian 

States  Within  Zone  Two  of  the  Study.  

We  commend  EPA  for  maintaining  the  geographical 
integrity  of  the  boundaries  of  Zone  Two  in  its  Report  to  Congress 
as  detailed  on  pages  1-6  and  1-7.  Zone  Two,  comprising  the 
Appalachian  region,  consists  of  the  states  of  Kentucky,  New  York, 
Ohio,  Pennsylvania,  Tennessee,  Virginia  and  West  Virginia. 

Six  of  the  seven  states  represented  by  the  trade 
organizations  filing  these  comments  were  considered  by  EPA  to  be 
within  Zone  Two  of  its  original  Draft  Sampling  Strategy  dated 
May  5,  1986,  which  guided  EPA!s  field  testing  during  the  summer 
of  1986 .  See  U.S.  EPA,  Office  of  Water  Regulations  and 
Standards ,  Oil  and  Gas  Exploration,  Development  and  Production, 
Sampling  Strategy-Draft  (May,  1986)  .  At  a  meeting  with  EPA  on 
July  23,  19  86,  the  Appalachian  Producers  requested  that  Ohio  be 
added  to  Zone  Two  in  order  to  give  the  zone  a  geographic  scope 
encompassing   the   Appalachian   region.     EPA  had   no   objection  to 
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such  grouping  and  this  alignment  has  been  reflected  in  EPA's 
subsequent  reports  concerning  this  study. 

4.      EPA's  Damage  Case  Review  is  Flawed  and  Does  Not  Support 
the  Agency's  Assessment  of  Specific  Disposal 

Techinques.  

1.  General. 


EPA  properly  describes  its  study  of  damage  cases 
as  being  limited  in  nature  and  without  statistical  significance. 
The  Agency  notes  on  page  1-7  of  the  Report  to  Congr e s s  that  the 
case  study  approach  called  for  by  RCRA  Section  8002 (m)  is 
intended  only  to  define  the  nature  and  range  of  known  damages , 
not  to  estimate  the  frequency  or  extent  of  damages  associated 
with  typical  operations .  The  numbers  therefore  do  not  have  any 
statistical  significance  and  do  not  bear  any  statistically 
significant  relationship  to  the  actual  types  and  distribution  of 
damages  that  may  or  may  not  exist  across  the  nation.  EPA  also 
notes  on  page  1-8  of  the  Report  to  Congress  that  the  total  number 
of  cases  bears  no  relationship,  either  implied  or  intended,  to 
the  total  extent  of  damage  from  oil  or  gas  operations  caused  at 
present  or  in  the  past. 

Nonetheless,  it  is  with  great  concern  that  we  note  that 
EPA,  despite  these  cautionary  statements  ,  relies  solely  on  its 
damage  case  analysis  to  support  its  conclusion  criticizing 
certain  disposal  techniques  used  by  the  industry.  On  pages 
VIII-1  and  VIII-2  of  the  Report  to  Congress,  EPA  criticizes  the 
use  of  several  technologies  as  being  less  reliable  and  cites  as 
authority  damage  cases  occurring  in  Appalachia.     The  use  of  these 
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damage  cases  to  support  an  overall  conclusion  that  the 
technologies  or  practices  at  issue  (land  application, 
roadspreading,  annular  disposal  and  stream  discharge) ,  are  less 
reliable  and,  thereby,  increase  the  potential  for  environmental 
damage  in  certain  locations  is  unsupportable.  This  is 
particularly  so  given  EPA  statements  in  the  Report  to  Congress 
that  its  damage  case  study  is  limited  in  nature  and  without 
statistical  significance.  For  this  reason,  EPA's  use  of  this 
data  in  this  manner  is  misleading  and  highly  inconsistent.  The 
characterization  of  annular  disposal ,  land  application, 
roadspreading,  and  stream  discharge  as  environmentally  unreliable 
is  even  more  distressing  in  light  of  the  justifications  set  forth 
later  in  these  comments  which  indicate  that  these  practices  can 
and  are  practiced  in  Appalachia  in  a  way  which  protects 
environmentally  sensitive  values. 

Specifically,  EPA  emphasizes  in  the  Report  to  Congress 
that  its  damage  case  study  is  intended  "to  gain  familiarity  with 
ranges  of  issues  involved"  and  is  not  intended  to  be  a 
"statistically  representative  record  of  damages  in  each  State." 
See  Report  to  Congress,  p.IV-10.  Again  however,  based  solely  on 
these  damage  cases ,  EPA  makes  a  determination  that  certain 
disposal  practices  are  "less  reliable  in  locations  vulnerable  to 
environmental  damage,"  See  Report  to  Congress,  p.VIII-1.  As 
previously  mentioned  this  is  not  only  misleading  but 
inconsistent,  particularly  in  light  of  the  fact  that  the 
environmental  waste  disposal  technologies  which  EPA  criticizes  as 
less  reliable  are  in  fact  carried  out  under  extensive  state 
regulatory  control  in  an  environmentally  acceptable  way, 
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2 .      Land  Application. 

In  its  Report  to  Congress ,  EPA  identified  the 
land  application  of  drilling  fluids  as  an  unreliable  disposal 
technology  that  has  resulted  in  harm  to  the  environment.  See 
Report  to  Congress ,  p.VIII-1 .  EPA 1 s  conclusion  about  the  land 
application  of  drilling  fluids  is  based  upon  a  wholesale  failure 
by  the  Agency  to  assess  the  merits  of  this  disposal  technique. 
The  environmental  acceptability  of  the  land  application  of 
drilling  fluids  has  been  successfully  and  repeatedly  demonstrated 
in  West  Virginia.  Land  application  of  drilling  fluids,  where 
properly  controlled,  is  an  environmentally  acceptable  disposal 
technique  which  is,  and  continues  to  be,  adequately  regulated  at 
the  State  level. 

The  damage  case  upon  which  EPA  relies  to  condemn  land 
application,  WV  13  [See  Report  to  Congress,  p.IV-24],  has  been 
badly  mischaracterized  factually.  In  correspondence  submitted  to 
EPA  on  August  13 ,  1987  from  the  Appalachian  Producers ,  it  was 
documented  that  the  observed  vegetation  stress  reported  in  that 
case  lasted  only  two  to  three  weeks  and  was  followed  by  a  full 
recovery .  EPA  has  ignored  documentation  submitted  by  the  State 
agency  and  the  Appalachian  Producers  pointing  out  that  there  was 
not  permanent  damage  to  vegetation  and  that  the  reported  chloride 
values  were  related  to  the  contents  of  a  reserve  pit  and  not  the 
soil. 

EPA  makes  the  additional  statement  that  the  chloride 
concentrations  authorized  for  land  application  in  West  Virginia 
are  higher  than  the  native  vegetation  can  tolerate.     See  Report 
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to  Congress ,  p. IV-24 .  This  allegation  is  totally  unsupported  by 
the  study  and  contrary  to  the  fact  that  several  thousand  such 
land  applications  have  occurred  in  West  Virginia  since  July  1985 
with  no  reported  case  of  permanent  vegetation  damage .  Finally, 
in  its  assessment  of  waste  disposal  technologies,  EPA  completely 
fails  to  address  the  land  application  of  drilling  fluids  as  a 
currently  employed  waste  management  practice.  In  short,  EPA's 
conclusion  that  land  application  is  an  environmentally  suspect 
waste  disposal  technology  is  completely  unfounded  in  light  of 
current  practice  in  the  industry  of  the  Appalachian  region. 

Land  application  of  drilling  fluids  is  important  to  the 
Appalachian  operators  because  it  provides  an  environmentally  safe 
and  economical  method  for  the  disposal  of  drilling  pit  fluid. 
Climatological  and  geological  constraints  in  Appalachia  make  it 
impractical  to  use  disposal  techniques  that  are  used  by  other 
operators  in  other  regions  of  the  country.  For  instance,  because 
the  net  precipitation  exceeds  the  net  evaporation  rate  in  the 
Appalachian  states ,  evaporation  of  drilling  fluids ,  as  is 
commonly  practiced  in  the  Southwest ,  is  not  possible .  The  low 
permeability  of  geological  formations  which  are  available  for 
injection  of  drilling  wastes  severely  reduces  disposal  well 
injection  rates  and  therefore  makes  underground  injection  of 
wastes  impractical  in  most  cases .  The  remote  locations  and 
rugged  terrain  in  most  of  Appalachia  increases  transportation 
costs  significantly  and  thereby  creates  a  disincentive  to  the  use 
of  centralized  treatment  or  injection  facilities  in  the 
Appalachian  region.    Newly  developed  disposal  techniques,  such  as 
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solidification,  are  cost  prohibitive.  The  marginal  profitability 
of  Appalachian  wells  is  such  that  any  additional  costs  may  render 
drilling  uneconomical. 

In  West  Virginia,  a  general  permit  for  the  land 
application  of  drilling  fluids  was  issued  by  the  Department  of 
Natural  Resources  in  July,  1985.  Since  that  time,  approximately 
2,000  drilling  pits  have  been  sampled,  treated,  land  applied,  and 
reported.  Out  of  these  2,000  cases,  there  has  been  only  one  case 
where  any  impact  on  the  environment  was  detected  —  a  case  which 
EPA  has,  as  previously  commented  upon,  badly  mischaracterized. 

Obviously,  the  disposal  of  2,000  pits  without  a  problem 
demonstrates  that,  as  conducted  in  accordance  with  permitting 
requirements  presently  existing  in  West  Virginia,  land 
application  of  drilling  fluids  has  proven  itself  an 
environmentally  acceptable  disposal  technique .  The  fact  that 
land  application  has  proven  itself  to  be  an  effective  and 
environmentally  safe  mechanism  for  the  disposal  of  these  fluids 
is  supported  by  three  facts. 

(1)  The  average  drilling  pit  capacity  in  Appalachia 
is  only  about  2,000  barrels  or  less.  A  one-time  land  application 
of  this  small  volume  of  waste,  conducted  in  accordance  with  the 
carefully  controlled  requirements  of  the  West  Virginia  general 
permit,  has  been  shown  not  to  harm  the  environment. 

(2)  Most  wells  of  Appalachia  are  drilled  with  rotary 
drilling  rigs  using  air  as  a  circulating  medium.  Discharged  pit 
fluids  are  usually  encountered  in  shallow  formations  and 
therefore  have  low  concentrations  of  pollutants.  Unlike  drilling 
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fluids  elsewhere,  drilling  fluids  used  in  the  Appalachian  states 
are  water-based  with  few  additives.  Where  these  fluids  are  used 
at  all  in  drilling  a  well,  they  generally  consist  of  water  mixed 
with  low  concentrations  of  potassium  chloride,  a  material  used  in 
agricultural  fertilizer . 

(3)  The  final  factor  contributing  to  the  environmental 
acceptability  of  land  application  of  drilling  fluids  is  the 
current  adequate  regulation  and  enforcement  of  this  practice . 
Despite  the  success  of  the  first  land  application  general  permit 
issued  in  July  of  1985,  when  the  permit  was  reissued  in  January 
of  1988,  a  number  of  changes  which  further  insure  protection  of 
the  environment  were  made.  Chloride  concentrations  were  reduced 
from  25,000  ppm  to  12,500  ppm.  Additional  monitoring  of  total 
organic  compounds  and  other  constituents  is  now  required . 
Additional  restrictions  concerning  the  discharge  of  pit  fluids 
were  included  as  terms  of  the  permit  as  well. 

In  conclusion,  EPA1 s  blanket  condemnation  of  the 
practice  of  land  application  of  drilling  fluids  flies  in  the  face 
of  a  three  year  history  of  environmentally  successful  use  of  this 
technique  in  West  Virginia  of  over  2,000  reported  discharges. 
The  single  case  upon  which  EPA  relies  has  been  badly  misconstrued 
to  suit  the  ^Agency1 s  self-serving  conclusion  that  land 
application  is  environmentally  unsound  and  ignores  the  true  facts 
of  that  case.  A  proper  and  complete  examination  of  this  disposal 
practice  must  lead  to  the  inalterable  conclusion  that,  as 
practiced  in  Appalachia  and  particularly  in  West  Virginia,  land 
application  of  drilling  fluids  is  environmentally  sound  and 
protective  of  the  environment. 
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3.      Stream  Discharge, 

As  was  the  case  with  its  condemnation  of  land 
application,  while  properly  describing  its  study  of  damage  cases 
as  being  limited  in  nature  and  without  statistical  significance 
[See  Report  to  Congress,  pp.  1-7,  1-8],  EPA  nevertheless  relies 
solely  on  these  damage  cases  and  their  analyses  to  support  the 
conclusion  criticizing  stream  discharge  as  a  disposal  technique. 
See  Report  to  Congress,  pp.VIII-1,  VIII-2. 

While  the  Appalachian  Producers  are  sensitive  to  the 
Agency's  concern  that  stream  dischargers  assure  that  no  harm  will 
result  to  receiving  water  bodies ,  we  believe  that  stream 
discharges ,  where  properly  carried  out,  are  a  viable  disposal 
option  in  the  Appalachian  Basin.  Stream  discharge  is  a  viable 
disposal  option  not  only  because  of  the  availability  of  a  surplus 
water  budget  coupled  with  relatively  low  volume  of  waste  being 
produced  by  Appalachian  operations  and  the  concomitant 
economically  marginal  nature  of  the  region ' s  stripper  well 
industry,  but  also  because  the  practice  is  already  subject  to  a 
comprehensive  framework  of  regulations  under  EPA!s  NPDES  program. 
The  Agency 1 s  analysis  has  failed  to  take  these  facts  into 
account. 

Operators  who  wish  to  use  this  disposal  option  are 
required  to  obtain  a  permit  for  each  stream  discharge;  to  abide 
by  a  set  of  nationally  recognized  effluent  guidelines;  and  to 
meet  specific  state  water  quality  standards.  The  greatest 
existing  deficiency  in  the  program  is  that  EPA1 s  effluent 
guidelines  allow  stream  discharges  only  with  respect  to  produced 
water  from  stripper  oil  wells.     As  the  result  of  a  federal  court 
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decision  and  a  petition  filed  by  the  nine  Appalachian  trade 
associations  on  July  14,  1987,  EPA  currently  has  its  effluent 
guidelines  under  review  for  purposes  of  determining  whether  the 
guidelines  are  appropriate  in  all  applications.  The  Appalachian 
Producers  requested  the  suspension  of  existing  zero  discharge 
requirements  for  all  oil  and  gas  operations  in  seven  Appalachian 
states,  EPA  has  been  requested  to  consider  whether  the  effluent 
guideline  is  overly  stringent,  particularly  in  light  of  its 
application  to  wells  in  the  Appalachian  states  where  evaporation 
and  underground  injection  are  not  generally  available. 

The  concern  which  EPA  expresses  over  stream  discharges 
in  its  Report  to  Congress  is  clearly  limited  to  potential  impact 
on  sensitive  or  fragile  waterways.  We  are  convinced  that  working 
with  EPA  to  address  the  petition  for  review  of  the  effluent 
guideline  under  the  Clean  Water  Act  is  the  appropriate  mechanism 
to  regulate  a  viable  and  appropriate  disposal  practice  as 
presently  engaged  in  the  Appalachian  region.  Accordingly,  we 
also  feel  that  because  of  the  existence  of  comprehensive 
regulation  under  the  Clean  Water  Act,  EPA's  condemnation  of  this 
practice  as  part  of  its  Report  to  Congress  is  an  attempt  by  the 
Agency  to  achieve  regulation  of  this  practice  under  separate 
authority.  Because  EPA  has  not  studied  the  environmental  impact 
of  stream  discharges  appropriately  in  this  study  and  because  such 
discharges  are  presently  comprehensively  regulated  and,  indeed, 
more  appropriately  regulated  under  the  federal  Clean  Water  Act, 
the  conclusion  in  the  Report  to  Congress  that  stream  discharge  is 
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environmentally  unreliable  is  both  inappropriate  and  factually 
unfounded, 

4 .      Annular  Disposal, 

Annular  disposal ,  as  presently  engaged  in  Appalachia, 
is  an  environmentally  sound  and  commercially  viable  disposal 
option  for  brine .  Once  again ,  as  in  its  previous  treatment  of 
the  land  application  and  stream  discharge  disposal  options ,  what 
EPA  has  given  with  one  hand,  it  is  taken  away  with  the  other  in 
an  inconsistent  manner.  While  EPA  properly  describes  its  study 
of  damage  cases  as  being  limited  in  nature  and  without 
statistical  significance  [See  Report  to  Congress,  pp. 1-7,  1-8], 
it  nevertheless  relies  solely  on  the  damage  case  analysis  to 
support  its  conclusion  criticizing  annular  disposal  as 
unreliable .  See  Report  to  Congress ,  pp . VIII-1 ,  VIII-2 .  This 
conclusion  is  inconsistent,  misleading,  and  only  exacerbated  by 
the  fact  that  EPA  relies  on  a  case  allegedly  giving  rise  to 
damages  in  which  disposal  practices  used  in  that  case  are  now  no 
longer  employed  by  the  industry  in  Ohio. 

More  specifically,  while  EPA  emphasises  that  58  out  of 
its  61  damage  cases  occurred  in  the  last  five  years  [See  Report 
to  Congress,  p.IV-1],  the  sole  case  upon  which  it  relies  to 
condemn  annular  injection  of  produced  water  occurred  in  1975.  See 
Report  to  Congress ,  p. IV-16 .  Reliance  on  this  case  by  EPA  is 
clearly  inconsistent  with  the  Agency's  goal  in  the  study  to 
"emphasize  development  of  recent  cases  that  illustrate  damages 
created  by  current  practices  under  current  state  regulations," 
It  is  also  contrary  to  EPA's  reliance  on  a  five  year  time  frame 
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for  use  of  cases  in  its  Report  to  Congress .  See  Report  to 
Congres  s ,  p . IV- 1 . 

EPA's  statement  that  "historical  damages  that  occurred 
under  prior  engineering  practices  or  under  previous  regulatory 
regimes  has  been  excluded,  unless  such  historical  damages 
illustrate  health  or  environmental  problems  that  the  Agency 
believes  should  be  brought  to  the  attention  of  Congress  now"  [See 
Report  to  Congress,  p.IV-1],  offers  a  tenuous  basis  for  the  use 
of  the  Donofrio  case  (OH  39) ,  and  is  totally  self-serving.  This 
justification  affords  EPA  the  opportunity  to  report  to  Congress 
on  any  damage  case  despite  the  fact  that  the  damage  case  is  not 
likely  to  occur  in  this  day  and  time ,  because  of  adequate 
existing  regulatory  programs. 

Since  the  Donofrio  case  occurred  in  19  75,  applicable 
regulatory  requirements  in  Ohio  regarding  annular  disposal  have 
been  substantially  modified.  EPA1  s  use  of  this  case  once  again 
allows  the  Agency  to  construe  data  in  a  light  most  favorable  to 
the  Agency 1 s  conclusion  that  annular  disposal  is  unreliable 
environmentally  and  also  allows  EPA  to  ignore  the  merit  of  this 
disposal  technique  as  it  is  presently  in  practice  under  existing 
state  regulations  in  Ohio. 

In  Ohio,  an  operator  desiring  to  conduct  annular 
disposal  must  seek  permission  of  the  State  regulatory  agency. 
Any  annular  disposal  well  must  be  constructed  with  the  surface 
casing  which  uses  cement  or  prepared  clay  to  completely  seal  off 
the  casing  to  a  depth  of  at  least  fifty  feet  below  the  deepest 
underground   source   of   drinking  water .     To   avoid   corrosion  of 
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pipes    and    fittings,    all   produced   water   is   transported   to  the 

annular  disposal  well  in  an  airtight  system.     Volume  limitations 

are  placed  on  the  amount  of  material  that  can  be  placed  into  the 

well  and  no  pressure  can  be  used,  except  that  as  supplied  by  the 

force  of  gravity.     Every  five  years,   mechanical  integrity  tests 

are  required  on  annular  disposal  wells  to  assure  their  ability  to 

prevent  contamination  of  surface  or  subsurface  soils  or  waters . 

Once  a  well  ceases  production  of  oil  or  gas,  all  annular  disposal 

operations  must  cease  and  the  well  must  be  plugged. 

It    should    also    be    pointed    out    that    the  geological 

formations  in  Ohio  allow  the  practice  of  annular  disposal  to  be 

carried  out  in  an  environmentally  suitable   fashion .     There  are 

several  reasons  why  this  is  the  case. 

°  No  open  commercial  oil  and  gas  zones  exist 
from  the  top  of  the  surface  casing  to  the  top 
of  the  production  casing  cement. 

°        The  injection  zone  is  isolated  and  deep. 

°  The  strata  of  Ohio  are  level ,  dipping 
approximately  one  degree  to  the  southeast. 
This  lessens  the  possibilities  of  up-dip 
migration  of  brine  out  of  the  injection  zone. 

°  Cable  tool  drilling  logs  have  provided  the 
State  of  Ohio  with  accurate  descriptions  of 
where  fluid  producing  and  fluid  taking  zones 
are  located. 

°  The  geologic  conditions  are  fairly  uniform 
over  the  eastern  half  of  the  State  of  Ohio . 
This  coincides  with  the  area  of  production  in 
the  state. 

In  the  twenty-one  years  that  annular  disposal  has  been 
used  in  Ohio,  there  have  been  less  than  ten  cases  of  known 
ascertainable   environmental   damage .      These   cases   have  occurred 
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under  disposal  practices  and  regulatory  requirements  that  are  no 
longer  applicable •  As  previously  mentioned ,  the  principle  case 
upon  which  EPA  relies  in  condemning  annular  disposal  is  the 
Donof rio  case ,  which  occurred  in  1975  -  No  other  efforts  have 
been  made  by  EPA  to  assess  the  environmental  acceptability  of 
annular  disposal.  Reliance  upon  a  single  damage  case  that 
occurred  more  than  thirteen  years  ago  under  regulations  and 
disposal  practices  that  are  no  longer  in  effect  and  the 
concomitant  wholesale  failure  by  EPA  to  examine  in  any  sense  the 
current  practices  of  the  industry  as  regards  annular  disposal  and 
how  the  industry  is  regulated  in  Ohio  at  the  present  time 
constitutes  a  totally  inadequate  basis  for  reaching  a  conclusion 
that  annular  disposal  is  environmentally  unacceptable.  We  would 
be  willing  to  work  with  EPA  to  conduct  the  type  of  study  that 
would  be  necessary  to  prove  that  annular  disposal  is  a 
meritorious  disposal  option  of  suitable  environmental 
acceptability . 

5 .  Well  Fracturing. 

EPA  is  incorrect  in  its  statement  that  the  fracturing 
of  a  well  can  result  in  contamination  of  nearby  water  wells.  See 
Report  to  Congress ,  p . IV- 2 2 .  Such  a  statement  is  completely 
without  support  in  the  study.  In  fact,  we  know  of  no  case  where 
this  has  occurred  given  proper  casing.  The  zones  which  are 
fractured  are  several  thousand  feet  below  the  deepest  fresh  water 
zones  making  contamination  of  the  fresh  water  zones  extremely 
unlikely. 

6 .  Roadspreading . 

EPA,   as  one  of  its  conclusions ,   condemns  the  practice 
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of  "landspreading  or  roadspreading  of  reserve  pit  contents"  as  an 
example  of  technologies  or  practices  that  are  less  reliable  in 
locations  vulnerable  to  environmental  damage .  See  Report  to 
Congress ,  p.VIII-1 .  As  support  for  this  conclusion ,  EPA  cites 
the  damage  case,  WV  13.  Once  again,  the  recurring  problem  with 
this  report  is  that  EPA  emphasizes  that  its  damage  case  study  is 
intended  "to  gain  familiarity  with  ranges  of  issues  involved"  and 
not  to  be  a  "statistically  representative  record  of  damages  in 
each  State"  [See  Report  to  Congress,  p.IV-10],  and  then  based 
solely  on  these  damage  cases  makes  a  determination  that  certain 
disposal  practices  are  "less  reliable  in  locations  vulnerable  to 
environmental  damage."     See  Report  to  Congress,  p.VIII-1. 

EPA  is  also  flatly  erroneous  in  relying  on  WV  13  to 
condemn  roadspreading  of  reserve  pit  contents.  WV  13  involves 
landspreading,  an  environmentally  acceptable  waste  disposal 
practice  as  detailed  previously  in  these  comments,  and  which  does 
not  pertain  to  roadspreading  of  brine  or  other  drilling  fluids. 
In  fact,  roadspreading  of  reserve  pit  contents  is  not  employed  as 
a  waste  disposal  practice  in  West  Virginia.  Other  Appalachian 
states ,  however ,  have  extensive  programs  to  regulate 
roadspreading  in  an  environmentally  sound  manner. 

For  instance ,  in  Ohio ,  regulation  of  produced  water 
roadspreading  is  a  matter  of  statutory  law.  No  roadspreading  of 
reserve  pit  contents  is  allowed.  Local  governmental  entities 
have  the  authority  to  allow  surface  application  of  brines  to 
roads  it  owns  or  has  the  right  to  control  for  purposes  of  dust  or 
ice   control ,    however ,    a   resolution  must   be   adopted  permitting 
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such  application.  Public  hearings  on  whether  or  not  to  adopt 
such  a  resolution  to  permit  surface  application  of  brine  must  be 
held.  Input  by  State  and  federal  regulatory  authorities  is 
provided  for  in  the  statute.  Performance  guidelines  are 
additionally  set  forth  in  the  statute  which  dictate  where  brine 
may  or  may  not  be  applied;  when  brine  may  be  applied;  the 
technology  by  which  brine  may  be  applied;  and  the  pressure  at 
which  brine  may  be  applied.  Prior  to  the  application  of  brine  to 
road  surfaces,  the  applicant  must  submit  a  plan  which  identifies 
the  sources  of  brine  to  be  used;  identifies  any  transporters  of 
the  brine;  identifies  the  places  to  which  the  brine  will  be 
applied;  and  describes  the  method ,  rate ,  and  frequency  of  brine 
application .  Additionally,  local  governmental  authorities  may 
attach  whatever  terms  and  conditions  seem  suitable  to  the  plan 
prior  to  any  actual  roadspreading.     See  generally  ORC  1509.226. 

In  Pennsylvania ,  the  Department  of  Environmental 
Resources'  Oil  and  Gas  Operators 1  Manual  prescribes,  in  Chapter 
Four,  applicable  requirements  for  roadspreading  of  produced  water 
for  dust  control  and  road  stabilization.  Requirements  have  been 
adopted  under  the  authority  given  the  Department  pursuant  to  the 
Pennsylvania  Clean  Streams  Law.  Appropriate  rates  of  application 
must  be  used  in  roadspreading.  A  plan  which  minimizes  the 
potential  for  pollution  from  the  use  o  f  brine  for  dust  control 
must  be  submitted  to  the  DER  for  its  approval  prior  to 
implementation.  This  plan  must  include  the  following:  (1)  the 
name ,  address ,  and  telephone  number  of  the  person  seeking  the 
approval ;    ( 2)    a  statement  from  the  municipality  or  other  person 
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authorizing  the  use  of  brine  on  their  roads;    (3)    a  map  of  the 
municipality  or  area  identifying  the  roads  which  are  to  receive 
the  brine;    ( 4)    a  description  of  how  the  brine  will  be  applied 
including  the  equipment  to  be  used  and  the  method  for  controlling 
the     rate     of     application;      (5)      the     proposed     frequency  of 
application;    (6)    identification  of  the   geologic   formation  from 
which    the    brines     are    produced;     (7)     identification    of  any 
materials  which  may  be  included  with  the  brine,    such   as  drill 
cuttings ,      detergents ,      friction      reducers ,  hydro-fracturing 
materials  and  a  chemical  analysis  of  certain  parameters.     The  DER 
prescribes    additional  terms  and  conditions  under  which  brine  may 
or  may  not  be  applied  including  brine  application  rate;  locations 
where  brine  may  not  be  applied  in  terms  of  roadgrade;  locations 
where  brine  may   not   be   spread   on   roads   including   what   roads ; 
appropriate  labelling  of  vehicles  applying  brine ;  and  submission 
of  monthly  reports  indicating  roads  to  which  brines  were  applied, 
quantities    of    brine    applied,    and    dates    of    application.  See 
generally    Department    of    Environmental    Resources ,    Oil    and  Gas 
Operator [ s  Manual ,  pp.IV-72,   IV-74.     In  addition,  PNGA  sponsored 
an    independent    study    entitled    "The    Feasibility    of  Utilizing 
Production  and  Other  Oil  and  Gas  Well  Fluids  as  Dust  Palliatives 
and    Deicers"     in     1984 .       This     study    reviewed    Pennsylvania 1 s 
roadspreading    program    and    concluded    "since    oil    and    gas  well 
fluids    are    not    substantially    different    in    composition  from 
commercial    salt,    similar    environmental    concerns    are  apparent. 
However,      with      proper      management      techniques  (application 
procedures,    and  rates,   etc.)    to  minimize   environmental  impact, 
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these  fluids  can  be  used  effectively  for  dust  and  ice  control." 
Moody  Study,  December,  1984,  p.ii. 

Finally,  in  New  York,  a  comprehensive  system  of 
regulation  of  roadspreading  of  brine  is  in  place  under  6  NYCRR 
Part  364.  Under  these  regulations,  permits  are  required  for  the 
roadspreading  of  brine  which  must  be  renewed  periodically. 
Landowner  approval  is  required  before  brine  may  be  roadspread. 
Analyses  of  the  brine  must  be  done  for  a  variety  of  parameters. 
There  are  volume  restrictions  as  to  the  amount  of  brine  which  may 
be  roadspread,  as  well  as  restrictions  regarding  location  of 
application.     No  variances  are  allowed  from  these  regulations. 

The  foregoing  recitation  clearly  points  out  the 
extensive  level  of  regulation  to  which  this  activity  is  subject 
in  the  Appalachian  states  to  insure  that  the  practice  is  carried 
out  in  an  environmentally  safe,  acceptable  manner  contrary  to  the 
conclusion  reached  by  EPA  in  its  Report  to  Congress. 
7.      Other  Comments  Relating  to  EPA's  Flawed 

Damage  Case  Review.  

We  commend  EPA  for  its  recognition  in  the  vast  majority 
of  damage  cases  cited  in  Chapter  IV  of  its  Report  to  Congress 
that  current  state  regulatory  programs  are  frequently  violated  by 
the  types  of  damage  cases  relied  upon  by  EPA.  This  recognition 
by  EPA,  we  feel ,  clearly  supports  the  contention  of  the 
Appalachian  Producers  that  adequate  authority  exists  under  state 
and  federal  regulatory  programs  currently  in  effect  to  handle  any 
alleged  environmental  problems  that  result  from  improper  waste 
disposal  practices  in  the  industry.     This  assessment  is  a  vital 
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part  of  the  Section  8002  study  and  is  a  statutorily  mandated 
factor  to  be  considered  by  EPA  in  its  decision  as  to  whether  or 
not,  if  at  all,  to  impose  new  regulations  on  the  industry.  Given 
the  recognition  by  EPA  in  its  Report  to  Congress  that  state 
programs  are  being  violated,  it  is  clear  that  no  new  regulations 
are  therefore  necessary. 

Relevant  to  the  topics  discussed  in  Chapter  IV  of  the 
Report  to  Congress  concerning  illegal  disposal  of  oil  and  gas 
wastes  in  West  Virginia  and  Pennsylvania,  EPA  continues  to  make 
unsupported  and  highly  emotional  comments  about  this  alleged 
practice.  For  instance,  on  page  IV- 17  of  its  Report  to  Congress, 
EPA  makes  the  totally  unfounded  remark  that  "environmental  damage 
from  illegal  disposal  of  wastes  associated  with  drilling  and 
production  is  by  far  the  most  common  type  of  problem  in  West 
Virginia"  and  that  "results  of  illegal  disposal  include  fish 
kills ,  vegetation  kills ,  and  death  of  livestock  from  drinking 
polluted  water."  As  pointed  out  in  the  comments  of  the 
Appalachian  Producers  filed  on  August  18,  1987,  there  is  simply 
no  basis  for  EPA  to  conclude  that  illegal  disposal  is  a  common 
problem  in  West  Virginia .  The  Agency  has  conducted  no 
investigation  to  relate  the  number  of  violations  of  state 
regulatory  programs  to  the  total  number  of  cases  involved  to  know 
whether  the  West  Virginia  experience  is  better  or  worse  than 
might  be  expected  with  any  other  regulatory  program.  Moreover, 
the  damage  cases  cited  by  the  Agency  involving  vegetation  kills 
and  death  of  livestock  are  clearly  not  related  to  illegal 
disposal  of  waste. 
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The  statements  referred  to  in  the  damage  case  chapter 
are  unfounded  and  intemperate  and  it  is  improper  for  EPA  to  have 
included  them  in  their  Report  to  Congress.  This  is  particularly 
so  in  light  of  the  Agency's  statement  on  page  1-8  of  its  Report 
to  Congress  that  no  relationship  has  been  established  between 
documented  damages  and  violations  of  state  or  other  federal 
regulations . 

In  support  of  its  conclusion  regarding  alleged  illegal 
disposal  in  West  Virginia ,  EPA  continues  to  rely  on  WV  18  as  a 
damage  case.  We  previously  requested  that  EPA  delete  this  damage 
case  from  its  cons ideration .  See  June  11,  1987  comments ,  p .  6 
and  August  18,  1987  letter  to  Dan  Derkics,  p.  6  item  11.  The 
basis  for  the  requested  deletion  from  consideration  was  because 
the  landowner  in  that  case  intentionally  used  a  pit  for  purposes 
of  supplying  water  for  his  domestic  cattle .  The  situation 
related  to  an  agreement  reached  between  a  landowner  and  an 
operator  not  to  reclaim  a  pit  and,  instead,  to  allow  it  to 
receive  water  from  a  well  to  be  used  for  domestic  livestock 
watering .  We  pointed  out  that  current  statutory  law  required 
that  such  pits  be  reclaimed  within  six  months  following 
completion  of  drilling.  Additionally,  the  West  Virginia 
Department  of  Energy  stated  in  comments — comments  recognized  in  a 
footnote  to  this  case  in  the  Report  to  Congress — that  "now  the 
Division  does  not  allow  that  type  of  practice  and  would  not  allow 
landowners  to  subvert  the  reclamation  law. "  In  the  face  of 
comments  from  operators  and  State  regulatory  officials  in  the 
state    where    the    alleged    problem    occurred,     it    is  completely 
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unclear  why  the  Agency  continues  to  rely  on  this  damage  case  to 
support  its  somewhat  tenuous  conclusion. 

Regarding  alleged  illegal  disposal  of  oil  field  wastes 
in  Pennsylvania,  EPA  acknowledges  on  page  IV-20  of  its  Report  to 
Congress  that  spills  or  accidental  releases  of  oil  or  gas  wastes 
in  Pennsylvania  are  not  routinely  associated  with  extraction  of 
oil  and  gas .  However ,  EPA  continues  to  characterize  the 
Pennsylvania  experience ,  in  the  context  of  discussing  damage 
cases  PA  02  and  PA  09,  in  an  inflamatory  manner  by  stating  that 
"spills  in  this  area  of  Pennsylvania  appear  to  represent 
deliberate ,  routine ,  and  continuing  illegal  disposal  of  waste 
oil. "  There  is  no  evidence  to  support  this  callous  assertion  by 
EPA  and,  in  fact,  the  Appalachian  Producers  have  in  the  past  and 
continue  to  dispute  this  statement.  EPA's  reliance  on  this 
statement  is  completely  unfounded. 

In  its  discussion  and  condemnation  of  damage  to  water 

wells    allegedly    caused    from    oil    and    gas    well    drilling  and 

fracturing,    EPA    in    its    Report    to    Congress    continues    to  make 

erroneous   statements .     Of  particular   concern   is   footnote   17  on 

page  IV- 21  of  the  Report  to  Congress,  where  EPA  notes  as  follows: 

According  to  members  of  the  Legal  Aid  Society 
of  Charleston,  West  Virginia,  land  owners 
have  little  control  over  where  oil  and  gas 
wells  are  sited.  Although  a  provision  exists 
for  hearings  to  be  held  on  the  question  of 
siting  of  an  oil  and  gas  well,  this  process 
is  rarely  used  by  private  landowners  for 
economic  and  other  reasons . 

This  subjective  statement  incorrectly  characterizes  the  law  and 

ignores  the  basic  principal  that  a  provision  does,  in  fact,  exist 

for  a  landowner  to  challenge  the  siting  of  a  prospective  oil  or 
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gas    well .      The    mere    fact    that    landowners    make    a  conscious 

decision  not  to  use  this  provision  does  not  mean,  as  EPA  contends 

in   its   blanket   statement,    that   landowners   have   little  control 

over  the  location  of  prospective  oil  and  gas  wells. 

Additionally,    EPA    has    recognized    in    its    Report  to 

Congress    that    where    there    is    contamination    of    a    fresh  water 

source ,     State    regulations    presume     oil     or    gas    drilling  is 

responsible   if   located  within   1,000   feet   of  the  water   source . 

EPA   points   out   that   West   Virginia   has   no    automatic  provision 

requiring  drillers  to  replace  water  wells  lost  in  this  manner  and 

therefore   implies   that  the  West  Virginia  regulatory  program  is 

somehow  deficient   in  this   regard.     This   subtle  manipulation  of 

the    law    ignores    the    comments    of    the    Appalachian  Producers 

submitted  on  August  18,  1987,  which  noted  as  follows: 

Finally,  while  West  Virginia  has  no  automatic 
provision  which  requires  a  driller  to  replace 
a  water  well ,  we  suggest  that  West  Virginia 
is  in  no  different  a  position  than  are  most 
other  states  which  require  some  showing  that 
the  water  well  was  contaminated  by  the 
driller  before  there  is  an  obligation  to 
replace  it .  In  West  Virginia  there  is ,  of 
course,  a  presumption  that  if  an  oil  or  gas 
well  is  within  1,000  feet  of  a  contaminated 
water  well,  it  is  presumed  that  the 
contamination  resulted  from  the  oil  and  gas 
well.  In  short,  contrary  to  the  statements 
appearing  on  page  13,  there  is  considerable 
involvement  of  the  surface  owners  in  the 
process  of  assuring  that  oil  and  gas  well 
drilling  does  not  adversely  affect  water 
wells. 

Further ,  EPA  in  its  Report  to  Congress  continues  to 
rely  on  a  damage  case,  WV  17,  in  support  of  its  conclusion  that 
contamination  of  water  wells  result  from  oil  and  gas  operations. 
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The  Agency ' s  continued  reliance  on  this  case  ignores  comments 
also  found  in  the  August  18,  1987  letter  to  Dan  Derkics  noting 
that  the  case  initially  did  not  even  involve  waste  disposal  and, 
in  any  event ,  subsequent  regulatory  changes  rendered  the  case 
irrelevant.  Additionally,  no  statement  has  been  added,  as  is 
apparently  the  case  in  all  other  damage  cases  cited  by  the  EPA 
study,  that  current  regulations  adequately  address  this  type  of 
alleged  problem. 

In  discussing  problems  with  enhanced  oil  recovery  and 
abandoned  wells  in  Kentucky  at  page  IV-24  through  page  IV-26  of 
its  Report  to  Congress,  EPA  relies  on  the  Martha  Oil  Field  case. 
While  we  do  not  take  issue  with  the  characterization  of  this 
case,  we  have  previously  noted  in  our  comments  dated  November  30, 
1987,  that  the  case  must  be  placed  in  proper  perspective  in  light 
of  EPA's  statutory  mandate  to  assess  the  adequacy  of  existing 
state  and  federal  regulatory  programs  to  prevent  or  mitigate 
environmental  damage .  EPA  has ,  on  page  IV-26  of  its  Report  to 
Congress ,  noted  in  a  paragraph  the  Agency ' s  response  to  the 
Martha  Oil  Field  problems.  However,  although  we  commend  EPA  for 
noting  that  response  which  the  Agency  has  taken  there,  it  should 
have  added  a  concluding  statement  noting  that  the  Agency 1 s 
response  was  an  example  of  the  adequacy  of  existing  federal 
regulatory  programs  to  deal  with  environmental  damages  caused  by 
oil  and  gas  operations. 
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E.      EPA  Has  No  Basis  for  Its  Conclusion  that  Significant 

Technical  Improvements  in  Waste  Disposal  Techniques 

in  the  Oil  and  Gas  Industry  are  Foreseeable,  

While    EPA's    Report    to    Congress    ultimately  concludes 

that  any  program  to  improve  the  management  of  oil  and  gas  wastes 

in  the  near  term  will  be  be  based   largely  on  technologies  and 

practices   in  current  use    [See  Report  to  Congress,   p.VII-2],  we 

are  concerned  about  several  statements  appearing  elsewhere  in  the 

Report    that    seem   to    suggest    that    significant    improvements  in 

waste     disposal     technologies     are     foreseeable .       We  strongly 

disagree   with    this    conclusion,    particularly    as    it    applies  to 

operations  in  the  Appalachian  states. 

Our   particular   concern    is    focused   on   the  conclusory 

statement  contained  on  page  VIII-2  of  the  Report  to  Congress  in 

which  EPA  states  that  it  foresees  the  possibility  of  significant 

technical    improvements    in    future    technologies    and    practices , 

citing  such  technologies  as  incineration,  recycling,  and  wet  air 

oxidation.     A  careful  review  of  the  Report  to  Congress  reveals 

that  the  only  discussion  of  that  conclusion  in  the  body  of  the 

Report  is  contained  on  pages   III- 2   and  II I- 3 .     That  discussion 

however,   offers  no   support   for  EPA1  s   statements  on  page  VIII-2 

and   instead ,    contradicts   that   conclusion .     On   page   III-2 ,  EPA 

states  as  follows : 

At  least  for  the  major  high-volume  streams, 
there  are  not  significant  newly  invented, 
field-proven  technologies  in  the  research  or 
development  stage  that  can  be  considered 
"innovative"  or  "emerging." 
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EPA 1 s  conclusion  that  significant  technical 
improvements  in  this  area  are  foreseeable  is  purely  speculative 
and  not  supported  by  any  objective  findings  of  the  Report  to 
Congress.  This  is  a  matter  of  particular  concern  in  the 
Appalachian  states  because  of  the  unique  waste  management 
practices  that  have  evolved  as  a  function  of  the  careful  balance 
which  exists  between  environmental  protection  and  economic 
realities  of  Appalachian  wells.  As  the  result,  there  is  no  basis 
for  believing  that  any  significant  change  in  waste  disposal 
practices  is  foreseeable  in  the  Appalachian  states. 

Even  something  as  relatively  simple  as  the  segregation 
of  wastes  suggested  on  page  VIII-3  of  the  conclusion  to  EPA's 
Report  to  Congress,  must  be  carefully  examined  for  its 
application  to  Appalachian  operations.  It  is  essential  that  EPA 
continue  to  recognize  that  the  complete  segregation  of  exempt  and 
non-exempt  wastes  is  not  feasible  during  normal  operations. 
Small  amounts  of  non-exempt  material  will  necessarily  become 
mixed  with  exempt  wastes  during  these  normal  operations .  If 
segregation  of  waste  is  appropriate  at  all,  it  should  be  limited 
to  only  the  segregation  of  unused  materials,  such  as  pipe  dope, 
motor  oil ,  solvents ,  and  similar  materials  and  be  directed 
towards  assuring  that  these  materials  are  not  deliberately  and 
unnecessarily  disposed  of  in  reserve  pits .  Even  in  those  cases 
where  the  segregation  of  these  limited  materials  is  appropriate , 
we  urge  EPA  to  carefully  review  any  regulatory  requirements  that 
might  be  imposed  to  assure  that  they  are  protective  of  the 
environment   without   being   unnecessarily   costly    from   either  an 
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environmental  control  or  an  administrative  viewpoint. 

F.      Existing  State  and  Federal  Regulatory  Authorities 

Are  Adequate  to  Prevent  or  Mitigate  Adverse  Impacts. 
While  the  Appalachian  Producers  concur  with  EPA' s 
conclusion  [See  Report  to  Congress,  p.VIII-11] ,  that  the 
application  of  full ,  unmodified  Subtitle  C  regulations  to  all 
exempt  wastes  appears  unnecessary  at  this  time ,  we  are  extremely 
concerned  about  EPA' s  recommendation  that  it  is  necessary  to 
conduct  a  further  review  of  state  and  federal  programs  with  a 
view  towards  possible  modification. 

From  our  review  of  the  Report  to  Congress  and  from  our 
own  assessment  of  the  state  regulatory  requirements,  at  least  for 
the  seven  Appalachian  states  involved,  it  is  apparent  that 
existing  regulatory  requirements ,  both  state  and  federal ,  are 
more  than  adequate  to  prevent  or  mitigate  any  adverse  impacts  on 
the  environment  caused  by  the  management  of  oil  and  gas  drilling 
and  production  wastes .  Nearly  all  of  the  damage  cases  cited  by 
EPA  in  its  Report  to  Congress  would  violate  present  day 
regulatory  requirements  should  they  occur  today .  In  fact ,  most 
of  the  damage  cases  cited  by  EPA  violated  regulatory  requirements 
at  the  time  they  occurred.  In  those  cases  where  the  damage  case 
did  not  violate  requirements  that  were  in  effect  at  the  time  the 
damage  occurred ,  subsequent  regulatory  developments  have 
consistently  been  implemented  to  address  those  concerns.  In 
short,  we  have  not  identified  any  of  the  damage  cases  related  to 
the  Appalachian  states  that  would  not  violate  current  regulatory 
requirements  should  they  occur  at  the  present  time. 

45 


pii .  Illll 


SSI 


o 


o 


pilliSpiii 


o 


mm: 


The  most  significant  shortcoming  in  EPA 1 s  analysis  of 
existing  regulatory  programs  is  it"s  apparent  failure  to 
recognize  that  these  programs  have  evolved  significantly  in  the 
last  few  years.  In  addition,  major  changes  in  state  regulatory 
programs  are  underway  at  the  current  time.  For  example,  an 
entirely  new  regulatory  program  has  been  proposed  for  adoption  in 
Pennsylvania.  In  West  Virginia,  a  new  general  permit  for 
drilling  fluids  was  issued  in  the  last  60  days  with  efforts 
underway  to  issue  a  general  permit  addressing  the  handling  of 
produced  water.  Moreover,  each  of  the  states  has  statutory 
authority  which  allows  them  to  address  virtually  every  aspect  of 
the  waste  management  practices  of  the  oil  and  gas  industry  as  the 
need  to  do  so  is  identified. 

We  believe  there  can  be  no  dispute  but  that  existing 
state  and  federal  regulatory  requirements  provide  a  full  and 
exhaustive  set  of  regulations  already  in  place ,  along  with  the 
process  to  update  and  refine  those  regulations  either  now  or  in 
the  future  as  the  need  to  do  so  is  identified.  As  will  be 
discussed  in  greater  detail  later  in  these  comments ,  this  fact 
provides  the  basis  for  a  decision  not  to  impose  any  further 
regulatory  requirements  on  Appalachian  operators. 

G.      EPA's  Risk  Assessment  Modeling  Shows  Negligible 

Impacts  on  the  Environment.  

While  the  Appalachian  Producers  do  not  necessarily 
agree  with  the  appropriateness  of  conducting  risk  assessment 
modeling  in  the  context  of  this  study,  we  do  share  the  conclusion 
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reached  by  EPA  that  if  there  were  release  of  toxic  chemicals,  the 
risks  would  be  "very  small  to  negligible."  See  Report  to 
Congress,  p.V-64.  We  remind  EPA,  however,  that  the  quantity  of 
waste  produced  by  Appalachian  operations  is  much  smaller  than  is 
produced  in  other  regions  of  the  country.  We  believe  that  the 
necessary  result  of  this  fact  is  that  the  risks  related  to  these 
operations  would  be  even  smaller  than  EPA  determined  through  its 
own  analysis. 

As  we  have  pointed  out  elsewhere  in  our  comments,  a 
typical  drilling  pit  capacity  in  the  Appalachian  states  is  less 
than  2 ,000  barrels  and  frequently  is  as  small  as  500  barrels . 
With  respect  to  produced  water,  our  survey  of  more  than  17,000 
primary  production  gas  and  oil  wells  indicates  that  nearly  all  of 
them  produce  less  than  one  barrel  of  water  a  day.  This  data, 
submitted  to  EPA  in  our  formal  comments  of  February  10,  1987, 
also  revealed  that  for  gas  wells ,  39  percent  of  the  wells 
produced  no  water  at  all  and  90  percent  of  the  wells  produced  1/3 
barrel  of  water  per  day  or  less.  For  oil  wells,  the  survey 
results  revealed  that  approximately  23  percent  of  the  primary  oil 
wells  produced  no  water  at  all,  while  approximately  65  percent  of 
those  wells  produced  less  than  1/3  of  a  barrel  of  water  per  day 
on  average. 

We  urge  EPA  to  recognize  that  these  significantly  lower 
quantities  of  waste  being  produced  by  Appalachian  operations 
necessarily  result  in  less  environmental  risk  than  was  identified 
by  EPA  in  its  modeling. 
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H.      EPA's  Economic  Impact  Analysis  Does  Not  Adequately 

Assess  Cost  Impact  on  Appalachian  Operations .  

While  we  share  EPA's  ultimate  conclusion  that  the 
imposition  of  RCRA  Subtitle  C  would  have  "a  substantial  impact  on 
the  U.S.  economy"  [See  Report  to  Congress,  p.VIII-9] ,  we  have 
significant  concerns  over  EPA1 s  economic  analysis .  Our  concerns 
center  around  several  areas  in  which  EPA  has  understated  the 
impact  of  imposing  alternative  requirements  on  the  industry.  As 
will  be  reviewed  in  this  section,  we  believe  EPA's  economic 
analysis  overstates  baseline  costs  while  understating  the  cost  of 
alternative  requirements .  The  end-result  is  a  masking  of  the 
true  cost  of  imposing  alternative  waste  management  practices  on 
the  industry.  In  addition,  EPA  has  failed  to  properly  assess  the 
impact  of  these  increased  costs  on  the  industry ,  particularly  in 
the  Appalachian  states . 

1 .      Overstated  Baseline  Costs. 

At  the  heart  of  EPA's  economic  impact  analysis  is 
its  determination  of  the  current  costs  borne  by  the  industry  for 
the  management  of  both  drilling  waste  and  produced  water  waste. 
The  "baseline"  cost  of  drilling  waste  management  for  the 
Appalachian  zone ,  as  reflected  on  page  VI- 2 6  of  the  Report  to 
Congress ,  is  $9,465.  These  costs  are  significantly  greater  than 
actual  experience  indicates  to  be  the  case  in  Appalachia .  In 
part ,  this  can  undoubtedly  be  explained  by  EPA 1 s  erroneous 
assumption  that  77  percent  of  all  drilling  pits  in  the 
Appalachian  Basin  are  currently  lined  [See  Report  to  Congress, 
p.VI-5]  .     Not  only  is   this   conclusion   contrary   to   fact,    it  is 
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also  refuted  by  the  discussion  on  page  VI-3  of  the  Report  to 
Congress  which  points  out  that  for  drilling  operations ,  wastes 
are  typically  stored  in  unlined  surface  impoundments  during 
drilling  and  by  the  discussion  appearing  on  page  111-17  of  the 
Report  to  Congress  indicating  that  drilling  pits  are  generally 
unlined.  Because  such  a  high  percentage  of  drilling  pits  in 
Appalachia  are  assumed  already  to  be  utilizing  liners ,  EPA 1  s 
economic  analysis  assumes  that  those  pits  would  not  be  affected 
by  the  Intermediate  Scenario  discussed  in  the  Report.  We  urge 
EPA  to  revise  it's  analysis  of  the  baseline  drilling  waste 
disposal  costs  in  Appalachia  to  take  proper  account  of  the  number 
of  drilling  pits  that  are  currently  lined  and  reflect  the  costs 
which  are  actually  incurred  currently  in  managing  drilling 
wastes • 

2.      Understated  Alternative  Costs. 

We  are  pleased  to  note  on  pages  VI-11  and  VI-13  of 
the  Report  to  Congress  that  EPA  has  recognized  it  must  take  the 
cost  of  transportation  and  loading  and  unloading  charges  into 
account  in  determining  the  cost  of  Class  II  injection.  Our 
detailed  discussion  of  this  factor  was  provided  to  EPA  in  our 
comments  f iled  on  June  13,  1987.  We  also  commend  EPA  for  it's 
recognition  of  the  fact  that  injection  wells  in  the  Appalachian 
region  are  not  capable  of  receiving  the  higher  volumes  of  waste 
as  are  assumed  with  respect  to  the  rest  of  the  nation.  Our 
detailed  comments  on  the  rate  of  injection  that  could  be  expected 
in  the  Appalachia  were  also  included  in  our  June  13,  1987 
comments . 
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Nevertheless,  we  recognize,  as  does  EPA  on  pages 
VI-3  and  VI-17  of  the  Report  to  Congress,  that  EPA's  cost  impact 
analysis  does  not  reflect  all  of  the  costs  that  would  result  from 
the  imposition  of  RCRA  Subtitle  C  regulation.  In  particular,  we 
note  that  EPA  has  not  taken  account  of  the  costs  that  would  be 
associated  with  satisfying  the  land  ban  and  corrective  action 
requirements  of  the  Hazardous  and  Solid  Waste  Amendments  of  1984, 
If  these  costs  had  been  considered,  the  true  economic  impact  of 
alternative  scenarios  would  have  been  astounding. 

In  addition ,    for  reasons  stated  in  the  preceding 
paragraph,  EPA  has  failed  to  properly  identify  the  true  costs  of 
alternative     requirements     because     they     have     overstated  the 
baseline  costs  associated  with  waste  management  in  the  industry. 
3 .      Understated  Economic  Impact. 

EPA 1 s  Final  Report  to  Congress  has  done  little  to 
address  our  earlier  concerns  about  it's  methodology  to  assess  the 
impact  of  the  costs  of  alternative  waste  management  techniques . 
In  particular,  we  note  that  on  page  VI-22  of  the  Report  to 
Congress,  EPA  assumes  the  wellhead  price  of  oil  to  be  $20.90  per 
barrel  in  the  Appalachian  region.  This  is  significantly  above 
the  current  wellhead  price  of  oil  in  the  region  which  is  as  low 
as  $14 .50  per  barrel .  Using  such  an  inflated  oil  price  results 
in  a  rate  of  return  for  new  projects  which  is  much  higher  than 
actually  occurs.  EPA's  analysis  does,  therefore,  mask  the  true 
impact  of  the  resulting  cost  increases* 

Beyond    direct    impacts    on    individual    wells,  EPA 
must  recognize  the  impact  which  any  cost  increases  would  have  on 
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the  entire  Appalachian  region  and  on  the  nation.  The  enormous 
plugging  liability  and  lost  production  caused  by  new  regulatory 
requirements  will  not  only  be  felt  by  oil  and  gas  companies,  but 
also  by  thousands  of  investors,  land  owners  with  royalty 
interests ,  service  companies ,  support  industries ,  regulatory 
agencies,  tax  revenues  at  all  levels  of  government,  and  finally 
by  the  consumers  of  oil  and  gas  products .  In  addition, 
regulatory  requirements  would  also  directly  impact  on  the 
nation's  balance  of  trade  because  of  additional  oil  imports.  The 
impact  of  such  requirements  on  the  nation's  natural  gas  supply 
would  also  be  disastrous  and  would  result  in  shortages  of  natural 
gas  available  to  heat  homes ,  schools  and  businesses  and  a 
dramatic  increase  in  price  for  such  natural  gas  that  remained 
available. 

EPA 1 s  economic  analysis  is  further  defective 
because  it  does  not  recognize  that  a  water  flood  or  EOR  project 
does  not  begin  production  for  at  least  2  years  after  initial 
investment  is  made.  This  significantly  reduces  the  economic  rate 
of  return  of  those  projects.  This  is  especially  significant 
since  over  40%  of  the  nations  crude  oil  is  produced  by  this 
method. 

We  also  find  it  incredible  that  EPA  could  have 
conducted  its  cost  impact  analysis  by  examining  only  the  closure 
of  oil  wells.  In  Appalachia,  53%  of  the  successful  wells  are  gas 
wells .  The  significance  of  these  wells  to  the  region  is  very 
large  and  the  failure  by  EPA  to  have  modeled  the  closure  of  the 
wells  is  a  major  defect  of  the  study. 
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Many  additional  concerns  about  EPA's  economic 
analysis  are  contained  in  our  comments  filed  on  June  13 ,  1988 . 
EPA  is  encouraged  to  examine  these  comments  for  discussion  of 
such  issues  as  cost  of  capital,  hurdle  rate,  and  internal  rate  of 
return. 

4 .      Appalachian  Impacts. 

Perhaps  the  most  serious  criticism  of  EPA 1  s 
economic  impact  analysis  is  that  it  lacks  the  sensitivity  that  is 
necessary  to  determine  to  the  impacts  of  very  small  cost 
increases  on  Appalachian  Producers.  EPA  has  examined  three 
alternative  scenarios  for  purposes  of  assessing  economic  impact. 
As  flawed  as  they  may  be,  the  studies  which  EPA  performed  on  each 
of  these  analyses  clearly  indicates  the  devastating  impact  that 
they  would  have  on  Appalachian  operations. 

EPA's  analysis  should  not  stop,  however,  with 
examination  of  these  three  alternatives .  If  EPA  is  truly 
interested  in  considering  the  possibility  of  development  of 
alternatives  under  RCRA  Subtitle  D,  the  Safe  Drinking  Water  Act, 
or  the  Clean  Water  Act,  it  must  be  prepared  to  assess  the  cost 
impact  of  those  alternative  on  the  Appalachian  region. 

In  performing  this  analysis ,  EPA  must  understand 
that  objectionable  cost  impacts  on  Appalachian  Producers  would 
not  only  result  from  the  imposition  of  hazardous  waste 
regulations,  but  also  from  the  imposition  of  new  regulatory 
requirements  under  any  program.  Moreover,  EPA  must  recognize 
that  any  increase  in  capital  or  operating  costs  in  the 
Appalachian    region    would    have    a    much    greater    impact    on  the 
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economic  viability  of  those  operations  than  might  be  the  case 
elsewhere  in  the  nation.  From  data  we  submitted  to  EPA  in 
February,  1987,  it  is  apparent  that  nearly  all  producing  wells  in 
the  Appalachian  region  are  stripper  wells.  Wells  that  were  not 
stripper  wells  initially,  become  stripper  wells  after  only  a  year 
or  two  of  production .  In  other  words ,  Appalachian  wells  are 
extremely  sensitive  to  any  increase  in  capital  or  operating 
costs.  For  example,  a  $200  increase  in  operating  costs 
experienced  by  the  region 1 s  approximately  200 , 000  existing  wells 
would  force  nearly  20  percent  of  those  wells  to  be  plugged  and 
abandoned.  A  $2,000  per  year  increase  would  cause  nearly  half  of 
these  wells  to  become  uneconomical  and  to  be  plugged  and 
abandoned.  These  illustrations  point  out  the  marginal  nature  of 
most  of  the  production  under  current  business  conditions. 

To  take  this  thought  process  a  step  further,  if 
additional  hazardous  or  non-hazardous  regulations  caused  only  a 
$2,000  increase  in  operating  costs  each  year,  nearly  96,000  wells 
would  have  to  be  plugged  in  the  Appalachian  Basin  states  at  a 
cost  of  approximately  $960,000,000  for  direct  plugging  costs 
alone.  Approximately  92  BCF  of  natural  gas  production  and  over 
11,000,000  barrels  of  oil  production  would  be  lost  each  year  from 
existing  wells  alone.  The  expected  returns  on  investment  in 
future  wells  to  be  drilled  would  drop  several  percentage  points 
as  a  result  of  the  $2,000  increase  in  annual  operating  costs  and 
several  points  because  of  a  corresponding  increase  in  drilling 
costs.  This  means  that  a  large  percentage  of  wells  that  might 
have   otherwise   been   economical   to   drill   would   not   be  drilled 
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because  of  these  additional  regulatory  costs .  Even  the  wells 
that  were  still  economical  to  be  drilled  would  have  a  shortened 
production  life  because  of  the  additional  costs.  Of  the  15,000 
to  20,000  wells  that  would  otherwise  be  drilled  each  year  in 
these  seven  Appalachian  states,  thousands  would  never  be  drilled. 

Costs  that  might  otherwise  seem  insignificant  to  wells 
with  a  stronger  economic  basis  become  matters  of  major  concern 
for  Appalachian  wells.  EPA's  current  economic  impact  analysis  is 
simply  insensitive  to  these  types  of  impacts  and  EPA  should  make 
independent  inquiry  into  the  cost  impacts  of  non-hazardous  waste 
regulatory  programs  prior  to  making  them  applicable  to  any 
Appalachian  wells. 

I.      There  is  No  Justification  for  New  Hazardous  or 
Non-hazardous  Waste  Regulations  as  a  Result  of 

EPA's  Study.  

As  discussed  in  previous  comments,  EPA's  Report  to 
Congress  has  concluded  that  existing  state  and  federal  regulatory 
programs  are  adequate  to  prevent  or  mitigate  adverse  impacts  on 
the  environment .  The  Report  to  Congress  also  has  identified  the 
severe  economic  impacts  that  would  be  realized  by  the  oil  and  gas 
industry  in  general  should  hazardous  waste  regulatory 
requirements  be  imposed.  These  factors,  in  combination  with 
EPA 1  s  failure  to  identify  significant  unregulated  environmental 
risks,  compel  the  conclusion  that  no  further  regulatory 
requirements  are  appropriate. 

The  legislative  history  related  to  this  study  is 
enlightening    in    explaining    the    thought    process    that    EPA  is 
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expected   to   follow   in   conducting   the   study   and   the  rulemaking 

decisions  that  will  necessarily  follow  it.     In  this  regard,  the 

Senate  Committee  on  Environment  and  Public  Works  stated: 

The  committee  determined  that  the  extensive 
regulatory  program  proposed  by  the  Agency 
[RCRA  Subtitle  C]  could  have  significant 
economic  impact  on  domestic  oil  and  gas 
exploration  and  production  activities . 
Therefore  ,  regulations  on  these  materials 
should  not  be  promulgated  until  further 
information  is  developed  to  determine  whether 
a  sufficient  degree  of  hazard  exists  to 
warrant  additional  regulations  and  whether 
existing  State  and  Federal  programs 
adequately  control  such  hazards. 

S.    Rep.    No.    96-172,    96th   Cong,     (reprinted    in      1980    U.S.  Code 

Cong.   &  Ad.  News  5019,  5024-25). 

Additionally,      the      Senate      Committee      offered  the 

following  description  of  the  intent  of  the  study: 

The  thrust  of  the  study  is  to  determine  the 
degree  of  hazard  associated  with  these 
wastes ,  the  adequacy  of  the  existing  State 
and  Federal  regulatory  programs  to  control 
and  mitigate  any  hazards ,  potential  changes 
to  regulatory  programs  to  improve  control  and 
mitigation  of  hazards;  and  the  cost  impact  of 
those  changes  on  the  exploration,  development 
and  production  of  crude  oil  and  natural  gas. 

Id.  at  5026. 

These  statements  are  particularly  instructive  in 
understanding  Congressional  intent  because  it  was  the  Senate  bill 
which  was  adopted  in  lieu  of  the  House  bill  when  Congress  passed 
the  Solid  Waste  Disposal  Act  Amendments  of  1980. 

For  the  Appalachian  Producers,  the  concerns  expressed 
by  this  legislative  history  are  brought  into  even  sharper  focus. 
In  the  Appalachian  states,  perhaps  more  so  than  anywhere  else  in 
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the  nation,  it  has  been  necessary  for  regulatory  programs  to  be 
developed  in  close  concert  with  the  hard  economic  realities  of 
oil  and  gas  operations.  These  regulatory  requirements  have  been 
carefully  crafted  by  each  of  the  Appalachian  states  to  take 
account  of  the  climatology,  hydrology  and  geology  of  each  area, 
as  well  as  the  economic  costs  that  would  be  imposed  by  those 
requirements.  Changing  this  balance  by  imposing  minimum  national 
standards  has  the  potential  to  create  significant  economic 
dislocation  in  this  region. 

EPA's  recommendation  [See  Report  to  Congress,  p.IX-1], 
that  minimum  requirements  may  be  based  on  RCRA's  Subtitle  D,  the 
Clean  Water  Act's  NPDES  program,  or  the  Safe  Drinking  Water  Act's 
Underground  Injection  Control  Program  offer  little  comfort  to  the 
Appalachian  Producers.  Whether  a  new  regulatory  requirement  is 
based  upon  hazardous  waste  regulatory  authority  or  any  other 
regulatory  authority,  the  impact  on  the  operator  will  be  the 
same.  As  discussed  in  our  previous  comments  on  economic  impact, 
even  a  few  hundred  dollars  of  increased  costs  each  year  will 
cause  a  very  significant  number  of  Appalachian  wells  to  be 
plugged  and  abandoned. 

Accordingly,  we  do  not  believe  that  it  is  necessary  or 
appropriate  for  any  new  regulatory  requirements  to  be  imposed  on 
any  segment  of  the  oil  and  gas  industry.  We  do,  however,  support 
the  recommendation  by  EPA  that  efforts  be  undertaken  to  develop 
cooperative  approaches  with  the  states  that  would  explore 
non-regulatory  support  for  current  programs  in  the  form  of 
funding ,  training ,  or  technical  support . 
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J.      EPA  Should  Create  a  Special  Subcategory  to  Address 

Characteristics  of  Appalachian  Operations,  

As  stated  above ,  the  Appalachian  Producers ,  do  not 
believe  that  it  is  necessary  or  appropriate  for  any  new 
regulatory  requirements  to  be  imposed  on  the  oil  and  gas 
industry.  Should  EPA,  nevertheless ,  be  inclined  to  pursue  the 
development  of  new  regulatory  requirements  in  response  to  this 
study,  we  submit  that  the  circumstances  surrounding  operations  in 
the  Appalachian  states  justify  exempting  these  operations  from 
any  new  regulatory  requirements . 

There  are  three  principal  bases  upon  which  an  exemption 
for  the  Appalachian  states  should  be  considered: 

(1)  The  nature  of  the  waste  streams  involved; 

(2)  The  adequacy  of  existing  regulatory  programs;  and 

(3)  The  cost  impact  of  alternative  requirements. 

With  respect  to  the  nature  of  the  waste  streams 
involved,  we  have  pointed  out  in  these  and  other  comments  that 
very  much  smaller  quantities  of  waste  are  produced  by  Appalachian 
operations  than  are  produced  elsewhere  in  the  nation .  This  is 
true  both  with  respect  to  produced  water  and  with  respect  to 
drilling  fluids.  Beyond  distinctions  based  on  quantity, 
Appalachian  wastes  are  different  because  most  drilling  is 
conducted  without  using  drilling  muds .  Air  drilling,  as  it  is 
called,  produces  very  small  quantities  of  waste  that  have 
properties  reflecting  very  low  toxicity.  Where  it  is  necessary 
to  use  liquids  in  the  drilling  process ,  those  liquids  are 
generally    created    by    combining    water    with    small    amounts  of 
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potassium  chloride  ,  a  material  frequently  used  in  agricultural 
fertilizers. 

The  regulatory  programs  applicable  in  the  Appalachian 
states  have  been  custom  made  to  deal  with  the  particular 
environmental  objectives  of  the  states  involved.  Since 
evaporation  and  underground  injection  are  not  readily  available, 
alternative  requirements ,  such  as  land  application ,  stream 
discharge ,  annular  disposal ,  and  roadspreading ,  have  been 
developed.  These  programs  are  working  well  and  are  serving  to 
adequately  prevent  or  mitigate  adverse  effects  on  human  health 
and  the  environment. 

Finally,  EPA  must  recognize  that  if  it  were  to  require 
alternative  waste  management  practices  to  be  imposed  on 
Appalachian  operations ,  the  impact  of  cost  increases  that  might 
otherwise  seem  insignificant  to  operations  with  stronger 
economics  would  be  devastating  to  Appalachian  operations .  This 
impact  would  be  greatly  magnified  throughout  the  Appalachian 
states  because  97  percent  of  all  primary  production  oil  and  gas 
wells  in  the  region  are  stripper  wells.  It  is  also  significant 
that  57  percent  of  all  primary  production  oil  wells  produce  less 
than  1  barrel  of  oil  per  day. 

The  combination  of  these  three  factors  compel  the 
conclusion  that  the  current  regulatory  and  waste  management 
requirements  in  Appalachia  should  not  be  altered  as  part  of  the 
establishment  of  any  national  environmental  regulatory  program. 
Should  there  be  the  need  to  consider  refinements  in  any  of  these 
state    programs ,    we    submit    that    the    state    regulatory  agencies 
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involved  have  adequate  statutory  authority  to  refine  their 
regulations ,  permits ,  and  programs  in  a  way  appropriate  to 
address  the  need.  We  also  submit  that  it  is  at  the  state  level 
that  the  expertise  exists  to  fashion  an  appropriate  regulatory 
program  addressing  whatever  environmental  concerns  may  exist  with 
respect  to  waste  management  practices  of  the  industry,  along  with 
a  recognition  of  the  economic  capabilities  of  those  operations. 

IV.     Regulatory  Alternatives. 

Notwithstanding  the  inherent  problems  with  EPA's  Report 
to  Congress,  our  review  of  this  document  leads  us  to  believe  that 
the  Agency  has  three  options  available  to  it  which  will  result  in 
a  different  regulatory  process  as  it  affects  oil  and  gas  drilling 
and  production  wastes  studied  in  the  Report  to  Congress. 

The  only  aspect  of  the  court  order  remaining  with  which 
EPA  must  comply  is  the  June  30 ,  19  88  date  for  the  determination 
by  the  EPA  Administrator  of  whether  or  not,  if  at  all,  to  impose 
hazardous  waste  regulation  on  any  of  the  oil  and  gas  wastes 
studied  under  Section  8002 (m) .  Notwithstanding  the  fact  that 
this  determination  is  inherently  tied  to  the  scope  of  the 
exemption  and  the  wastes  studied,  a  concept  previously  discussed 
in  these  comments,  EPA  may  make  the  following  decisions  on  June 
30. 

(1)  On  June  30,  1988,  EPA  may  make  a  decision  that  no 
regulation  of  any  kind  is  necessary  for  certain  oil  and  gas 
drilling  and  production  wastes.  If  so,  the  question  is  then 
raised   as    to   how   this   determination   will   be   reflected   in  the 
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statute  and  regulations.  EPA  might  consider  the  promulgation  of 
regulations  stating  that  no  regulation  of  oil  and  gas  drilling 
and  production  wastes  is  necessary.  This  has  the  effect  of 
maintaining  the  exemption  from  Subtitle  C  regulation  in  the 
Agency 1 s  hazardous  waste  administrative  regulations .  EPA  might 
also  choose  to  stand  silent  on  the  issue f  which  has  the  effect  of 
leaving  the  statutory  exemption  intact  for  oil  and  gas  drilling 
and  production  wastes .  We  strongly  urge  EPA  to  consider ,  under 
this  scenario ,  the  latter  course  of  action — that  is ,  the 
maintenance  of  a  statutory  exemption  for  oil  and  gas  drilling  and 
production  wastes  from  Subtitle  C  regulation. 

(2)  As  part  of  its  June  30,  1988  decision  regarding 
regulation,  EPA  may  make  a  decision  that  certain  wastes  should  be 
regulated  under  one  or  more  of  its  presently  existing  non- 
hazardous  wastes  programs.  Any  such  process  would  involve  the 
development  of  significant  new  regulations  under  those  programs 
and  would  require  the  requisite  time  for  the  development, 
proposal ,  f inalization ,  and  implementation  of  these  regulations . 
As  has  been  the  case  throughout  the  study  process,  the 
Appalachian  Producers  will  continue  to  be  significantly  involved 
in  the  development  of  this  program,  if  any,  in  the  form  of 
commenting,  as  they  have  in  the  past,  on  various  Agency 
proposals . 

(3)  The  possibility  exists  that  pursuant  to  its  June 
30,  1988  determination,  EPA  might  decide  that  Subtitle  C 
hazardous  waste  regulation  of  certain  oil  and  gas  drilling  and 
production  waste  is,   in  fact,  necessary.     The  scenario  regarding 
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development  of  any  Subtitle  C  regulations  would  be  similar  to 
that  as  discussed  above  with  the  exception  that  such  regulations 
would  have  to  be  submitted  to  Congress  pursuant  to  present 
statutory  authority  for  their  ultimate  approval. 

Again ,  it  is  the  position  of  the  Appalachian  Producers 
that  no  such  regulations  are  necessary  and  that  adequate  state 
and  federal  regulatory  authority  already  exists  to  handle  any 
environmental  problems  of  the  industry.  It  is  our  belief  that 
after  competent  review  of  existing  state  and  federal  regulatory 
authorities  and  disposal  practices  employed  in  the  Appalachian 
region,  the  inalterable  conclusion  must  be  that  neither  Subtitle 
C  nor  any  other  type  of  new  regulation  is  necessary. 

V.  CONCLUSION. 


That  portion  of  EPA's  study  of  oil  and  gas  drilling  and 
production  wastes  under  RCRA  ordered  to  be  done  by  a  federal 
district  court  has  been  completed  with  EPA1 s  submission  of  its 
Report  to  Congress  on  December  31,  1987.  There  are  a  myriad  of 
erroneous  assumptions ,  facts ,  statements ,  and  conclusions 
contained  in  this  Report .  These  errors  have  been  addressed  in 
these  comments,  as  well  as  the  previous  comments  submitted  by  the 
Appalachian  Producers  which  have  been  incorporated  by  reference 
into  these  comments.  We  urge  EPA  to  address  these  errors  and 
deficiencies  prior  to  making  its  regulatory  determination  in  this 
matter. 

Respectfully  submitted  this  14th  day  of  March  1988. 
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Bnitei  States  Senate 

•AMJci^Sr^Ul  COMMUTE £  0«  |NVWD«MCKT  *MO  nm*  wws 

WASMWCTCm.DC  JOMCM1?» 

November  17,  1987 


The  Honorable  Lee  M.  Thomas 
Administrator 

0.  S*  Environmental  Protection  Agency 
401  M  Street,  S.  W. 
Washington,  D«  C.  20460 

Dear  Mr.  Thomas: 

As  the  deadline  approaches  for  the  submission  of  EPA's  Report  to 
Congress  on  oil  and  gas  waste  pursuant  to  68O02(m)  of  the 
Resource  Conservation  and  Recovery  Act  (WRCRAW),  it  becomes 
increasingly  important  for  EPA  to  complete  its  identification  of 
the  wastes  that  are  properly  includable  in  the  study.     It  is 
these  wastes  that  EPA  and  Congress  must  address  in  determining 
whether  to  impose  hazardous  waste  regulations  pursuant  to 
Subtitle  C  of  RCRA ♦ 

I  am  sure  you  recognize  that  a  decision  at  this  time  to  include  a 
waste  within  the  study  would  not  exempt  that  wa6te  from  hazardous 
waste  regulation  permanently.     Instead,  such  a  decision  would 
simply  continue  the  exemption  in  effect  until  such  time  as 
Congress  determines  it  to  be  appropriate  to  impose  hazardous 
waste  regulation  on  that  waste. 

A  review  of  §8002(m)  of  RCRA  and  the  legislative  history 
associated  with  that  section  reveals  the  clear  intent  of  Congress 
that  the  scope  of  the  study  be  broadly  interpreted  to  include  all 
drilling  fluids  and  produced  waters  wherever  they  occur  as  well 
as  associated  wastes  intrinsically  derived  from  primary  field 
operations.     Given  this  Congressional  intent,   I  urge  you  to 
include  within  the  study  the  broadest  possible  scope  of  wastes 
associated  with  this  industry. 

I  look  forward  to  receipt  of  your  Report  to  Congress  on  this 
important  issue'. 

With  kind  regards,   I  am 


Quentin  N«  Burdick 
Chairman 
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COMMENTS  REGARDING  THE  APRIL  30,  1987, 
INTERIM  REPORT 
OP  THE 

UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
WITH  RESPECT  TO  WASTES  PROM  THE 
EXPLORATION,  DEVELOPMENT  AND  PRODUCTION  OP  CRUDE  OIL, 
NATURAL  GAS  AND  GEOTHERMAL  ENERGY 


ON  BEHALF  OF  THE 

INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF  NEW  YORK 
INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF  WEST  VIRGINIA 
KENTUCKY  OIL  AND  GAS  ASSOCIATION 
OHIO  OIL  AND  GAS  ASSOCIATION 
PENNSYLVANIA  NATURAL  GAS  ASSOCIATES 
PENNSYLVANIA  OIL  AND  GAS  ASSOCIATION 
TENNESSEE  OIL  AND  GAS  ASSOCIATION 
VIRGINIA  OIL  AND  GAS  ASSOCIATION 
and  the 

WEST  VIRGINIA  OIL  AND  NATURAL  GAS  ASSOCIATION 


SUBMITTED  BY: 

ROBINSON  &  McELWEE 

David  M.  Flannery 

600  United  Center 
Post  Office  Box  1791 
Charleston,  West  Virginia  25326 
(304)  344-5800 


June  13,  1987 


L 


h 


!  . 


o 


•  c 


COMMENTS  REGARDING  THE  APRIL  30,  1987, 
INTERIM  REPORT 
OF . THE 

UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 
WITH  RESPECT  TO  WASTES  FROM  THE 
EXPLORATION ,  DEVELOPMENT  AND  PRODUCTION  OF  CRUDE  OIL, 
NATURAL  GAS  AND  GEOTHERMAL  ENERGY 


On  April  30,  1987,  the  United  States  Environmental 
Protection  Agency  ("EPA")  issued  an  Interim  Report  in  connection 
with  the  preparation  of  the  Report  to  Congress  mandated  by 
§8002  (m)'  of  the  Resource  Conservation  and  Recovery  Act  ("RCRA")  . 

These  comments  are  being  filed  with  tespect  to  that 
interim  Report  on  behalf  of  the  following  trade  organizations 
representing  oil  and. gas  operators  in  the  Appalachian  Basin: 

Independent  Oil  and  Gas  Association  of  New  York 
Independent  Oil  and  Gas  Association  of  West  Virginia 
Kentucky  Oil  and  Gas  Association 
Ohio  Oil  and  Gas  Association 
Pennsylvania  Natural  Gas  Associates 
Pennsylvania  Oil  and  Gas  Association 
Tennessee  Oil  and  Gas  Association 
Virginia  Oil  and  Gas  Association 
and  the 

West  Virginia  Oil  and  Natural  Gas  Association 

CHAPTER  1  -  OVERVIEW  OF  THE  OIL  AND  GAS  INDUSTRY. 
1.      The  Nature  of  Drilling  Pit  Waste . 

On  page  1-12,  and  again  on  page  1-22,  it  is  reported 
that  drilling  pits  receive  sewage  or  sanitary  waste.  On 
page  1-22,  the  statement  is  also  made  that  the  pits  receive  waste 
lubricants ,  waste  hydraulic  fluids ,  waste  solvents  and  waste 
paints.  These  situations  do  not  generally  occur  in  the 
Appalachian  Basin.     For  example,  under  the  terms  of  the  drilling 
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waste  general  NPDES  permit  issued  by  West  Virginia  (WVG073343)  , 
the  discharge  of  such  material  to  a  drilling  pit  is  expressly 
prohibited. 

2.  Stripper  Wells. 

On  page  1-49,  the  statement  is  made  that  70%  of  the 
total  oil  wells  in  the  United  States  are  "stripper  oil  wells"  and 
that  marginal  gas  wells  correspond  to  stripper  oil  wells.  This 
statement  is  not  accurate  for  the  Appalachian  Basin  where 
stripper  oil  wells  and  stripper  (or  marginal)  gas  wells  exists  at 
a  much  higher  percentage.  As  reported  in  the  document  filed  by 
these  commentors  with  EPA  on  February  10 ,  1987 ,  entitled  "An 
Analysis  of  the  Economic  Impact  of  New  Hazardous  Waste 
Regulations  on  the  Appalachian  Basin  Oil  and  Gas  Industry"  a 
survey  of  more  than  17,000  gas  and  oil  wells  in  the  Appalachian 
Basin  reveals  the  following  results: 

Type  of  Well  Percent  Stripper 

Oil  98.2 
Gas  92.1 

These  results  assume  stripper  oil  wells  defined  at  less  than  10 

barrels  of  oil  per  day  and  stripper  gas  wells  defined  at  less 

than  60  MCP  per  day. 

3.  The  Quantity  of  Drilling  Waste. 

With  respect  to  the  seven  states  represented  by  these 
commentors,  EPA  has  made  the  assumption  that  90%  of  all  drilling 
pits  in  those  states  would  be  small  with  a  capacity  of  1,984  bar- 
rels. The  other  10%  of  the  pits  are  assumed  to  be  of  medium  size 
with  a  capacity  of  22,700  barrels.    With  these  basic  assumptions, 


EPA  has  then  calculated  the  total  estimated  waste  generated  in 
each  state  as  a  variable  of  the  number  of  wells  drilled  in  each 
state  for  calendar  years  1981  through  1985.  These  assumptions 
are  erroneous  as  to  these  Appalachian  Basin  states  where  less 
than  1%  of  wells  drilled  each  year  would  utilize  pits  of  the 
capacity  of  22,700  barrels.  The  remainder  of  the  pits  (greater 
than  99%)  would  be  of  the  smallest  size  with  many  of  such  pits 
having  a  capacity  of  less  than  1,000  barrels. 
4.    The  Quantity  of  Produced  Water. 

EPA  used  three  different  methods  to  determine  the 
quantity  of  produced  water  generated  each  year  in  the  Appalachian 
Basin  states.  First,  with  respect  to  Kentucky  and  West  Virginia, 
the  produced  water  was  estimated  from  water/oil  ratios  from 
surrounding  states.  Second,  with  respect  to  New  York  and  Ohio, 
produced  water  was  estimated  from  water/oil  ratios  from  years  for 
which  there  is  actual  data  available  from  those  states.  And 
third,  for  the  states  of  Tennessee  and  Pennsylvania,  estimates 
were  calculated  by  specific  methodologies  set  forth  in  Table  1-8. 
Our  review  of  these  estimates  indicated  that  only  the  values  for 
New  York  and  Ohio  appear  to  be  reasonably  accurate. 

The  values  for  Kentucky  appear  to  be  reasonable  for 
primary  oil  production  but  not  reasonable  for  enhanced  oil 
recovery  which  may  be  significantly  greater.  The  values  for 
Pennsylvania,  on  the  other  hand,  are  much  higher  than  are 
actually  experienced. 

EPA  should  rely  only  on  data  derived  from  a  state  to 
estimate  that  state's  produced  water.     The  results  of  a  survey  of 
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nearly  20s,  000  wells  in  the  Appalachian  Basin  to  determine  the 
amount:  of  produced  water  from  those  wells  was  submitted  to  EPA  by 
us  on  February  10 r  1987. 

CHAPTER  2  -  CURRENT  AND  ALTERNATIVE  PRACTICES . 

In  this  section,  we  note  that  EPA  has  limited  its  data 
base  to  13  of  the  oil  and  gas  well-producing  states  in  the  belief 
that,  an  examination  of  these  states  will  be  representative  of  all 
<a>£  the  oil  and  gas-producing  states  in  the  nation.  As  it  relates 
to  the  Appalachian  states,  EPA  includes  material  with- respect  to 
O&io  and  West  Virginia,  Our  comments  will,  therefore,  be  limited 
to  the  regulatory  requirements  of  these  two  states. 
!•      Trash  Disposal  in  Drilling  Pits. 

On  page  17,  EPA  states  that  reserve  pits  are  used  to 
dEiSju&se  o'l  trash r  waste  lubricating  oils,  waste  chemicals,  diesel 
fiuelr  and  pipe  dope.  EPA's  attention  is  called  to  the  West 
Virgiinnia  drilling  waste  general  permit  (WV0073343)  which 
ex^ressi^t"  precludes  this  act. 

2.      Drilling  Pit  Siting  and  Construction. 

On  pages  19  and  20,  EPA  describes  environmental  prob- 
lem® relating  to  the  leaching  of  pollutants  from  drilling  pits  to 
grrouiHcii  water  and  erroneously  concludes  that  there  is  "currently 
little  emphasis  at  the  State  level  on  reserve  pits  siting  and 
momiLtoring  requirements . " 

SotfL  Ohio  and  West  Virginia  have  expressed  statutory 
prtr^wYTT-T  ^5  against  the  leaking  of  drilling  pits  to  either 
smurf or   subsurface    water .      In    addition ,    both    states  have 
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specific  regulatory  requirements  which  not  only  prohibit  the 
leaking  of  drilling  pits  but  which  also  establish  specific 
requirements  for  the  construction  and  maintenance  of  drilling 
pits.  The  West  Virginia  general  permit  for  oil  and  gas  well 
drilling  operations  also  contains  specific  requirements  with 
respect  to  the  siting  and  construction  of  drilling  pits.  In  Ohio 
particular  emphasis  is  given  to  drilling  pits  in  the  Lake  Plains 
Region  where  synthetic  liners  or  steel  tanks  are  required  to 
contain  drilling  wastes. 

The  correct  conclusion  is  that  regulatory  programs  and 
industry  practices  in  Ohio  and  West  Virginia  place  great  emphasis 
on  drilling  pit  siting,  construction  and  monitoring. 
3.    Land  Application  of  Drilling  Waste. 

Beginning  on  page  32  and  continuing  through  page  36, 
EPA  offers  a  description  of  various  regulatory  issues  associated 
with  the  land  application  of  drilling  fluids.  In  that  dis- 
cussion, EPA  places  considerable  emphasis  on  the  regulatory 
requirements  which  are  applicable  to  land  application  of  drilling 
fluids  in  West  Virginia.  In  addition  to  discussing  generally  the 
regulatory  requirements  in  West  Virginia,  EPA  identifies  two 
matters  of  concern  to  it  ( 1 )  the  regulation  of  chloride ,  and 
(2)  the  absence  of  specific  discharge  limits  on  heavy  metals  and 
toxic  materials. 

The  general  NPDES  permit  for  the  disposal  of  drilling 
fluids  in  West  Virginia  was  issued  on  July  10,  1985.  That 
permit,  the  first  of  its  kind  in  the  nation,  established  a 
mechanism    by    which    an    operator    was    obligated    to  construct 
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drilling  pits,  treat  the  contents  of  those  drilling  pits,  and 
dispose  of  the  contents  either  by  land  application  or  by  off-site 
disposal.  While  the  permit  contained  specific  discharge  limits 
only  for  chloride,  pH  and  total  iron,  those  limits  were  developed 
to  serve  as  surrogates  for  limitations  on  a  variety  of  other 
parameters.  In  addition,  the  fact  sheet  supporting  that  general 
permit  recognized  that  by  specifying  a  particular  type  of  treat- 
ment required  on  each  pit  (aeration,  pH  adjustment,  mixing  and 
settling) ,  it  would  not  be  necessary  to  regulate  a  number  of 
other  parameters,  particularly  organics.  In  short,  the  West 
Virginia  general  permit  uses  a  combination  of  discharge  effluent 
limitations  and  specified  treatment  requirements  to  achieve 
appropriate  objectives.  With  respect  to  chloride,  the  effluent 
limitation  was  set  at  25,000  rag/1  recognizing  that  drilling  pits 
in  West  Virginia  typically  contain  between  500  and  2,000  barrels 
of  fluid  which  would  be  applied  to  land  on  a  one-time  basis. 

These  permit  conditions  were  presented  to  EPA  for 
review  in  advance  of  permit  issuance  and  by  letter  dated  July  9, 
1985,  from  the  Director  of  the  Water  Management  Division  of 
U.S.EPA's  Office,  the  West  Virginia  Department  of  Natural  Re- 
sources was  advised  that  EPA  did  not  object  to  the  land  applica- 
tion of  these  wastes  "if  accomplished  in  accordance  with  the 
proposed  permit  conditions."  In  addition  to  this  endorsement  by 
both  the  state  and  EPA,  the  chloride  discharge  limitation  has 
proven  to  be  effective  in  protecting  the  environment  in  the 
nearly  two  years  that  the  general  permit  has  been  in  effect. 
During  that  time  period  there  have  been  more  than  1,300  cases  in 
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which  drilling  pit  fluids  have  been  discharged  without  problem. 
As  will  be  discussed  later  in  connection  with  EPA's  damage  cases, 
there  was  one  situation  in  which  vegetation  was  temporarily 
stressed  as  the. result  of  a  land  application  conducted  under  the 
general  permit  (WV13) *  Investigation  into  that  incident  revealed 
the  potential  for  a  number  of  factors  contributing  to  that  stress 
with  no  definitive  conclusion  reached  as  to  whether  chloride  at 
the  discharge  level,  of  18,000  ppm  was  the  cause  of  that  stress. 
There  have  been  a  number  of  instances  of  land  application  of 
drilling  fluids  under  the  general  permit  in  which  the  chloride 
concentration  exceeded  that  amount. 

•.In  the  second  round  of  the  drilling  fluids  general 
permit  proposed  for  public  comment  on  May  29,  1987,  additional 
restrictions  on  chloride  discharge  have  been  proposed.  Pursuant 
to  the  proposed  permit  the  chloride  discharge  limitation  would 
become  12,500  ppm  and  the  amount  of  drilling  fluid  that  could  be 
land  applied  would  be  limited  to  20,000  gallons  per  acre  per  day. 
The  chloride  limit  has  been  reduced  largely  because  experience 
has  indicated  that  such  a  lower  limit  can  be  achieved  in  most 
cases  and  to  eliminate  any  question  about  the  appropriateness  of 
the  initial  permit  to  address  adverse  chloride  impacts  on  vege- 
tation. The  second  round  general  permit  would  also  establish 
final  effluent  limitations  for  dissolved  oxygen,  total  suspended 
solids  and  total  manganese  and  would  establish  a  monitoring 
program  leading  to  the  establishment  of  an  effluent  limitation 
for  total  organic  carbon  in  September,  1988. 
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In  summary,  it  has  been  the  experience  of  both 
operators  and  regulatory  agencies  that  the  general  permit  for 
drilling  fluids  in  West  Virginia  has  proven  to  be  an  extremely 
effective  regulatory  vehicle  by  which  to  assure  an 
environmentally  acceptable  means  of  disposing  of  drilling  fluids. 
4.      Annular  Disposal  of  Produced  Water, 

On  pages  55  and  59,  EPA  offers  comment  on  the  use  of 
annular  disposal  for  produced  water.  EPA  observes  that  annular 
disposal  is  not  a  widespread  practice  and  has  a  higher  potential 
to  contaminate  fresh  ground  water. 

Annular  disposal  is  a  practice  which  is  of  great 
significance  and  benefit  to  Ohio  where  the  comprehensive  regu- 
latory program  has  been  established  to  assure  that  annular 
disposal  is  conducted  in  an  environmentally  acceptable  manner. 
Ohio 1 s  annular  disposal  regulations  are  set  forth  at 
OAC  §1501:9-3-11.  Those  regulations  provide  that  the  disposal  of 
saltwater  into  the  annular  space  of  any  well  is  prohibited  except 
where  approved  by  the  Division  in  accordance  with  established 
regulations.  Those  regulations  require  that  any  well  authorized 
to  use  annular  disposal  be  constructed  such  that  the  surface 
casing  is  sealed  with  cement,  prepared  clay  or  other  material. 

In  addition,  all  systems  must  be  air  tight.  As 
reported  by  Elmer  E.  Templeton  &  Associates  in  a  report  to  the 
Ohio  Water  Development  Authority  dated  January,  1980,  entitled 
"Environmentally  Acceptable  Disposal  of  Salt  Brines  Produced  with 
Oil  and  Gas"  an  air  tight  system  is  necessary  to  eliminate 
dissolved    oxygen    which    would    contribute    to    pipe  corrosion. 
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Annular  disposal  in  Ohio  is  not  conducted  with  artificial 
pressure  and,  instead,  it  relies  on  gravity. 

It  has  been  the  experience  of  operators  and  regulatory 
agencies  in  Ohio  that  when  annular  disposal  is  conducted  in 
accordance  with  the  regulations  of  the  Ohio  Department  of  Natural 
Resources,  it  is  an  environmentally  acceptable  means  of  disposing 
of  produced  water. 

5.  Surface  Stream  Discharge  of  Produced  Water. 

On  page  68,  EPA  identifies  only  two  cases  in  which  dis- 
charges to  surface  water  bodies  are  to  be  recognized: 

(1)  coastal  or  tidally  influenced  waters;  and 

(2)  agricultural  and  wild  life  categories. 
Conspicuously    missing    from    this    description    is  the 

category  recognized  under  EFA's  effluent  guidelines  set  forth  at 
40  C.F.R.  Part  435  with  respect  to  the  discharge  of  produced 
waters  from  stripper  oil  wells.  West  Virginia  is  now  preparing  a 
general  permit  for  the  stream  discharge  of  produced  water  from 
stripper  oil  wells  which  is  expected  to  be  issued  during  the 
second  half  of  1987. 

6.  Plugging  Requirements. 

In  its  discussion  of  plugging  requirements  on  pages  75 
and  76,  EPA  makes  the  statement  that  while  most  states  seek  to 
protect  upper  fresh  water  zones  in  well  plugging,  West  Virginia 
protects  only  coal  strata.  To  the  contrary,  W.Va.  Code 
§22B-l-24(a)  sets  forth  specific  plugging  requirements  that  deal 
with  wells  that  do  not  penetrate  workable  coal  beds. 
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CHAPTER  3  -  OIL  AND  GAS  DAMAGE  CASES , 

At  the  outset,  we  must  express  our  concern  (and  sur- 
prise) that  EPA  has  a  stated  intention  to  examine  damage  cases 
outside  the  scope  of  RCRA  §8002(m)(C),  This  point  is,  however, 
expressly  made  by  EPA  on  pages  1  and  2  where  the  purposes  of  the 
damage  case  review  are  identified  to.be: 

To  respond  to  the  requirements  of  §8002 (m) (C) ; 

To  provide  an  overview  of  the  nature  of  damages  • 
associated  with  oil  and  gas  exploration,  develop- 
ment, or  production  activities. 

Although  the  report  contains  a  statement  indicating  that  damage 

cases   falling  into   the   second  category   are   excluded   from  the 

report,   it  is  apparent  that  such  has  not  occurred.     As  will  be 

seen  from  a  detailed  review  of  the  discussion  particularly  with 

repp*--  ?     *-o     Zones  2     and    5,     the    report    contains  extensive 

discussion  of  such  issues  as  erosion  control  practices,  surface 

owner  rights,   and  the  intentional  use  of  pits  by  landowners  for 

the  watPring  of  domestic  animals,  each  of  which  are  matters  not 

related  to  the  mandate  of  RCRA  §8002 (m). 

Before  turning  to  specific  comments  contained  in  this 
chapter  with  respect  to  the  Appalachian  Basin  states,  we  will 
first  address  EPA's  general  conclusions. 
A.      General  Conclusions, 

Beginning  on  page  5 ,  EPA,  very  appropriately,  iden- 
tic-'-- ~  number  of  factors  which  limited  its  study  and  its 
result's.     These  limitations  included: 
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the  limited  time  period  for  the  study; 

the  failure  to  examine  some  of  the  oil  and  gas 
producing  states; 

the  sampling  of  damage  cases  was  not  necessarily 
representative  (as  with  the  State  of  Ohio,  the 
number  of  cases  involved  may  have  been  influenced 
by  the  ease  with  which  the  data  was  made  available 
to  EPA's  contractor) ; 


EPA ' s  discussion 
complete;  and 


of    applicable     laws    was  not 


effects  of  recent  oil  price  declines  were  not 
fully  analyzed. 


The  Interim  Report  simply  ignores  these  limitations, 
however,  in  arriving  at  nine  general  conclusions. 

An    earlier    effort    was    undertaken    by    another  EPA 

contractor;     however,     we     have     not     been     provided    with  an 

opportunity    to    review    the    findings    and    conclusions    of  that 

contractor  on  the  damage  cases  identified  by  that  contractor. 

1.  Health  and  Environmental  Damages  Caused  by  Oil  and 
Gas  Operations  Appear  to  be  Significant,  Wide- 
spread, and  in  Need  of  Correction. 

This    conclusion,     stated    on    page  8,     is    offered  without 

support   or    justification.     To   the   contrary,    a   review  of  the 

damage  cases  identified  by  the  agency  reveal  that  the  regulations 

and  industry  practices  which  govern  environmental  protection  in 

the   oil    and   gas    industry   have   become    increasingly  effective. 

Regulatory  programs  have  evolved  addressing  each  of  the  concerns 

that  EPA  identified   in  its   review  of  historical  damage  cases. 

Where   adjustments   in  regulatory  programs  were  necessary,  those 

adjustments  were  made  in  the  context  of  existing  state  or  federal 

programs . 
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2.  There  is  Convincing  Circumstantial  Evidence  that 
Serious  Health  Effects ,  Such  as  Cancer  and  other 
Fatal  Diseases,  Have  Been  Caused  or  are  Potenti- 
ally Caused  by  Oil  and  Gas  Activities. 

Of  all  of  the  statements  in  the  report,,  this  ,one  is  by 
far  the  most  inflammatory  and  least  supported.  Moreover,  the 
damage  case  analysis  mandated  by  RCRA  §8002 (m) (C)  calls  for  the 
identification  of  cases  "that  prove  or  have  caused"  danger  to 
human  health  and  the  environment.  There  being  no  legal  or 
factual  basis  for  this  statement,  it  should  be  stricken  from,  the 
report . 

3.  Damages  Are  Caused  By  Nonhazardous  As  Well  As 
Hazardous  Substances. 

The  discussion  of  this  issue  fails  to  disclose  that  the 
250  ppm  human  health  consumption  standard  for  chloride  in  drink- 
ing water  is  not  set  to  protect  public  health  but,  rather,  is  set 
as  a  taste  threshold.  In  addition,  there  is  no  basis  apparent  in 
any  of  the  analytical  data  taken  by  EPA  that  drilling  muds  or 
their  constituents  are  hazardous  by  one  or  more  RCRA  definitions. 
This  is  certainly  not  the  case  in  connection  with  Appalachian 
Basin  operations  where  air  drilling  is  predominantly  used. 

4.  Past  Practices  Can  Cause  and  Contribute  to  Current 
Damages. 

This  discussion  misses  the  entire  point  of  the  regu- 
latory process  with  respect  to  which  this  report  is  offered.  The 
cases  cited  in  support  of  this  conclusion  are  cases  in  which 
wells  were  plugged  or  abandoned  using  techniques  which  would 
violate  current-day  regulatory  requirements.  To  the  extent  that 
past  regulations  or  industry  practices  resulted  in  damage  cases, 
that    issue   has   been   addressed   by   current-day   regulations  and 
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practices  eliminating  the  need  for  consideration  of  those  damage 
cases  in  determining  whether  to  adopt  regulations  pursuant  to 
Subtitle  C  of  RCRA. 

5.  State  Standards  Vary  Widely  in  Scope  and  Content. 

EPA  has  based  this  conclusion  on  its  review  of  damage 
cases  which  have  occurred  over  20  years.  The  conclusion  is  not 
based  on  a  review  of  current-day  regulatory  requirements  of  the 
various  states.  As  the  Interim  Report  itself  recognized,  EPA's 
review  of  current  regulatory  programs  was  not  available  when  the 
Interim  Report  was  prepared.  If  EPA's  desire  is  to  assess 
current  state  standards ,  it  should  do  so  by  examining  current  day 
regulations  and  not  historical  damage  cases. 

6.  Implementation  and  Enforcement  of  States  Require- 
ments is  Serious  Deficient. 

On  page  12  the  Interim  Report  criticizes  states  for 
failure  to  implement  and  aggressively  enforce  their  regulations. 
To  understand  the  fallacy  of  this  conclusion,  one  need  only 
examine  the  damage  cases  related  to  West  Virginia  where,  of  the 
14  cases  that  are  relevant  to  RCRA  §8002 (m) ,  criminal  charges 
were  brought  against  operators  in  10  of  those  cases  and,  in  two 
other  cases,  casing  programs  or  land  application  requirements 
were  modified  to  address  the  specific  fact  situation  raised  by 
those  cases.  In  Ohio  a  nearly  identical  situation  exists  in 
which  notices  of  violation  were  issued  against  operators  for 
nearly  all  of  the  cases  relevant  to  this  study. 

7 .  State   Regulatory   Programs    are ,    as    a   Rule ,  Ser- 
iously  Underfunded  and  Understaffed. 

While  state  regulatory  programs  can  always  be  improved 
by   greater    funding   and   greater    staffing,    we    believe    that  an 

13 


results  and  consider  this  to  be  the  case  in  the  economic  section 
of  the  April  30,  1987,  Interim  Report.  We  urge  EPA  to  include 
Ohio  within  Zone  2  for  purposes  of  future  reports. 

We  also  note  with  interest  the  statement  that  most  of 
the  states  within  Zone  2  (New  York ,  Pennsylvania ,  Delaware , 
Maryland ,  New  Jersey ,  Virginia ,  West  Virginia ,  Kentucky  and 
Tennessee)  have  minimal  oil  and  gas  production.  While  it  is  true 
that  some  of  these  states  produce  almost  no  oil  and  gas  and  that 
the  total  production  of  all  of  these  states  is  small  in  compari- 
son with  the  national  production  of  oil  and  gas,  such  production 
as  does  exist  results  in  significant  economic  benefits  in  terms 
of  employment,  investment  capital,  tax  revenues  and  royalties. 
Moreover,  even  though  the  Appalachian  states  (including  Ohio) 
have  only  1,2%  of  the  Nations  oil  production  it  contains  14.2%  of 
the  oil  wells.  With  respect  to  gas  the  Appalachian  Basin  has 
3.1%  of  the  gas  production  with  44.3%  of  the  gas  wells.  Beyond 
the  mere  quantity  of  oil  and  gas  produced,  EPA  should  recognize 
that  this  region  produces  some  of  the  highest  quality  lubricants 
in  the  world .  In  addition ,  the  natural  gas  produced  in  the 
region  is  valuable  beyond  its  volume  because  it  is  located  near 
the  major  consumers  of  natural  gas  and,  therefore,  is  not  subject 
to  transportation  related  restrictions. 

1 .      Illegal    Dumping    of    Brine ,     Drilling    Mud ,  and 
Fracing  Fluid.  •  

In    support    of    this    conclusion    EPA   relies    on  three 

damage  cases    (J©£1£,   WV20  and  EM2    (sic) )    and  draws  the  general 

conclusion  that  the  regulations  either  are  not  enforced  or  that 
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operators  intentionally  elect  to  pay  fines  rather  than  to  comply 
with  regulatory  requirements. 

While  it  is  true  that  damage  cases  WV20^  and  _JPA02 
(actually  R&CU)  are  cases  in  which  operators  were  found  to  be  in 
violation  of  state  regulations  prohibiting  the  disposal  of  waste 
in  surface  streams,  these  cases  certainly  cannot  be  cited  in 
support  of  the  general  proposition  that  operators  would  prefer  to 
violate  rather  than  comply  with  the  law.  It  is  largely  because 
of  cases  such  as  this  that  efforts  were  initiated  in  1983  to  urge 
EPA  to  revise  its  zero  discharge  effluent  guideline  to  allow 
states  such  as  West  Virginia  and  Pennsylvania  to  establish 
requirements  that  would  call  for  an  operator  to  treat  and  dis- 
charge .  a  pit  to  surface  streams  in  a  matter  that  would  satisfy 
requirements  of  the  Clean  Water  Act  and  assure  compliance  with 
water  quality  standards.  In  the  meantime  both  West  Virginia  and 
Pennsylvania  have  demonstrated  in  the  two  cases  involved  that 
they  will  vigorously  enforce  the  existing  zero  discharge  require- 
ment until  it  is  revised  by  EPA. 

With  respect  to  the  damage  case  WV18  EPA  has  inappro- 
priately rplied  on  this  case  as  an  illustration  of  environmental 
damage  resulting  from  waste  disposal  practices  associated  with 
the  exploration,  development  or  production  of  crude  oil  or 
natural  gas.  In  fact  this  case  is  one  in  which  the  operator  was 
requested  by  a  land  owner  to  leave  a  pit  in  place  so  that  it 
mignt  se  used  as  a  source  of  water  for  livestock.  This  case 
ly  does  not  reflect  industry  practice  and  it  should  not  be 
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relied  upon  as  indicative  of  the  manner  in  which  waste  are 
managed  in  the  oil  and  gas  industry. 

Any  objective  examination  of  the  damage  cases  iden- 
tified by  EPA  in  Pennsylvania  and  West  Virginia  indicates  the 
strict  level  of  enforcement  that  was  adhered  to  by  the  state 
regulatory  agencies.  In  West  Virginia,  10  out  of  the  14  cases 
relevant  to  this  study  resulted  in  criminal  actions  being  filed 
against  the  operator.  The  Pennsylvania  cases  reveal  a  similarly 
aggressive  enforcement  record. 

2 .      Damage    to   Water    Wells    after    Gas    or    Oil    Well  • 
Fracturing.   _ 

In  support  of  this  conclusion  the  interim  report  relies 
upon  three  cases  (WV02,  WV17  and  PA08)  and  a  general  concern  that 
West  Virginia  has  no  regulation  or  statute  that  automatically 
requires  an  operator  to  replace  a  water  well  that  has  been 
damaged  by  oil  and  gas  operations. 

With  respect  to  ^fiVQ/2   EPA  has   incorrectly  determined 


that  the  wafces-  wall  con fcamina^ion  involved  related  to  oil  and  gas 
operations.    An  investigation  by  a  geologist  of  the  West  Virginia 


Department  of  Natural  Resources  determined  that  the  contamination 
involved  related  to  natural  levels  of  contaminant  in  the  aquifer 
that  had  been  aggravated  by  surface  coal  mining  operation.  The 
details  of  this  investigation  are  contained  in  our  comments  on  *\ 
EPA's  summary  of  this  case  filed  under  separate  cover.    Moreover ,  ^Vj* 
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the  gas  wells  involved  were  more  than  10,000  feet  from  the  water 


wells  that  were  alleged  to  have  been  contaminated. 

With  respect  to  WV17,  our  more  detailed  comments  filed 
with   respect    to    this    case    on    June  11,    1987,    indicated  that 
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neither  the  operator  nor  the  regulatory  agency  were  aware  of  the 
existence  of  a  water  well  at  the  depth  involved  and  that  subse- 
quently the  state  agency  revised  its  casing  requirements  to 
require  the  installation  of  significantly  more  surface  water 
casing. 

With  respect  to  ££Q3  an.  operator,  no  longer  in  busi- 
ness, apparently  did  contaminate  certain  water  wells  but  was 
required  to  provided  temporary  water  and  to  construct  a  new  water 
system  for  those  whose  wells  had  been  affected* 

Finally,  as  to  EPA's  general  concern  that  West  Virginia 
has  no  provision  for  automatically  requiring  drillers  to  replace 
water  wells,  we  suggest  that  the  presence  or  absence  of  such  a 
provision  is  not  relevant  to  this  study.  Even  though  not 
relevant,  it  is  a  fact  that  surface  owners  are  given  considerable 
opportunity  to  be  involved  in  the  siting  of  wells  and  drilling 
pits .  West  Virginia • s  general  permit  for  drilling  fluids 
(WJ£2J)73343)  requires  that  the  surface  owner  be  given  notice  of 
the  intent  to  drill  and  be  given  an  opportunity  to  object  to  any 
aspect  of  that  operation  that  would  give  rise  to  water  quality 
concerns . 

3.      Inappropriate  Land  Spreading  Requirements  in  West 
Virginia.  

The    chloride    effluent    limitation    obtained    in  the 

current  drilling  fluids  general  permit  is  a  condition  that  was 

originally  approved  by  EPA  as  being  appropriate  at  the  time  the 

permit  was   issued.      In  the   nearly   two   years   that   the  general 

permit  has   been   in   place   there   has   been  more   than   1,300  land 

applications  which  have  been  successfully  accomplished.     In  only 
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one  case  was  there  evidence  of  even  temporary  vegetation  stress. 
This  point  is  further  mitigated  in  the  second  round  general 
permit  for  drilling  fluids  to  be  issued  in  July  1987  for  a  five 
year  period  where  the  chloride  limit  will  be  reduced  even  further 
to  12,500  ppm  and  a  condition  imposed  which  restricts  the  appli- 
cation of  drilling  fluids  to  20 f 000  gallons  per  day  per  acre. 

With  respect  to  the  case  relied  upon  by  EPA  in  support 
of  this  conclusion  (JB£13)  it  should  be  noted  that  it  was  not 
possible  to  determine  whether  it  was  the  chloride  concentration 
alone  which  caused  the  Vegetation  stress •  .In  any  case  the  vege- 
tation did  not  die  and  instead  recovered  fully  in  about  two 
weeks.  A  number  of  land  applications  have  taken  place  success- 
fully with  chloride  concentrations  in  excess  of  that  which 
existed  in  case  WV13. 

•4.      Illegal  Discharge  of  Oil. 

EPA  relies  on  damage  case  j>A09  in  support  of  this 
conclusion.  That  case  involves  the  action  of  EPA  and  the  U.S. 
Coast  Guard  under  Section  311  of  Clean  Water  Act  to  engage  in 
certain  remedial  action  in  northwest  Pennsylvania  growing  out  of 
some  old  operations  in  that  area. 

While  our  detail  comments  on  this  damage  have  been 
filed  with  EPA  under  separate  cover,  suffice  it  to  say  that  the 
practices  which  gave  rise  to  this  action  are  not  indicative  of 
current  day  practices  and  that  the  case  demonstrates  the  scope 
and  diversity  of  the  legal  authority  which  EPA  and  the  Coast 
Guard  believe  they  have  under  the  Clean  Water  Act  to  address  such 
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5*      Abandoned  Wells. 

Without  citing  any  particular  damage  cases ,  EPA  has 
concluded  that  there  are  many  older  wells  in  Pennsylvania  which 
were  drilled  prior  to  the  time  that  a  bond  was  required  to  assure 
plugging,  upon  abandonment.  As  the  discussion  correctly  notes 
however  bonds  are  now  required.  This  conclusion  identifies  no 
problem  which  could  be  addressed  by  new  regulations  under  Subti- 
tle C  of  RCRA  that  has  not  already  been  addressed  under  state 
regulatory  *  authority . 

C.     Zone  5  Conclusions. 

Of  the  major  issues  identified  for  Zone  5  only  three 
are  related  to  Ohio. 

1.      Illegal  Dumping  of  Waste  in  Ohio. 

In  support  of  this  conclusion  EPA  relies  upon  damage 
cases^Of&l,  OH07  and  QB12.  In  addition  even  though  EPA  recogniz- 
es that  Ohio  has  been  aggressive  in  insisting  on  compliance  from 
operators,  EPA  states  its  belief  that  illegal  disposal  practices 
are  expected  to  continue. 

With  respect  to  case  OHOJL^.  EPA  is  incorrect  in  de- 
termining that  this  case  relates  to  Ohio  at  all.  The  case  grows 
out  of  an  operation  in  West  Virginia  where  the  company  was  cited 
with  criminal  charges. 

With  respect  to  cases  OHOT^and  0H12  both  statutes  and 
regulations  were  violated  by  discharges  which  entered  a  surface 
stream .      In   addition   to   having   violated   a    state   regulations , 
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discharges  to  surface  streams  without  a  permit  would  be  in 
violation  of  the  federal  Clean  Water  Act. 

The  conclusion  reached  by  EPA  in  this  context  presents 


a  curious  "damned  if  you "do  and  damned  if  you  don't"  dichotomy. 
If  a  state  does  not  have  a  vigorous  enforcement  program  it  is 
criticized  by  EPA  for  failure  to  properly  enforce  its  own  rules, 
On  the  other  hand  if  a  state  like  Ohio  has  been  aggressive  in 
holding  operators  to  the  strict  accountability  for  compliance 
with  environmental  programs  the  criticism  is  that  "illegal" 
discharges  are  occurring.  As  with  any.  regulatory  program 
(including  those  directly  administered  by  EPA)  there  will  always 
be  situations  involving  noncompliance  with  regulatory  require- 
ments. The  question  is  not  whether  there  have  been  or  will  be 
violations  of  regulatory  requirements.  Rather,  the  question  is 
whether  there  is  sufficient  legal  authority  and  resources  to 
pursue  those  violations  when  they  occur.  The  cases  with  respect 
to  Ohio  illustrate  convincingly  that  there  is  adequate  authority 
and  resources  to  pursue  noncompliance. 

2.      Contamination  of  Ground  Water  from  Injection  and 
Annular  Disposal. 

In  support  of  this  conclusion  EPA  cites  the  damage  case 
JDH38  and  its  general  understanding  that  annular  disposal  is  not 

r 

allowed  in  other  states  because  of  the  potential  for  ground  water 
contamination  due  to  the  corrosion  of  casings  resulting  from  high 
chloride  content. 

First  with  respect  to  damage  case  OH38  we  should  point 
out  that  the  water  well  involved  in  that  case  showed  contamina- 
tion levels  which  predated  the  commencement  of  annular  disposal, 
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In  addition  there  was  also  evidence  of  the  fact  that  the  casing 
used  in  that  situation  may  have  been  bad  initially.  More  signif- 
icantly however  the  st^te  of  Ohio  has  since  adopted  comprehensive 
regulations  related  to  annular  disposal  which,  among  other 
things,  provides  that  annular  disposal  systems  must  be  maintained 
air  tight  (to  eliminate  corrosion)  and  be  gravity  fed.  Moreover 
annular  disposal  is  not  permitted  in  Ohio  unless  conducted  in 
accordance  with  agency  regulations  and  with  the  agency's  ex- 
pressed approval. 

Secondly,  in  addition  to  Ohio,  the  states  of  Kansas  and 
Louisiana  allow  annular  disposal .  As  was  reported  by  Elmer  E . 
Templeton  &  Associates  in  a  report  dated  January  1980  entitled 
"Environmentally  Acceptable  Disposal  of  Salt  Brines  Produced  with 
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Oil  and  Gas,  a  report  for  the  Ohio  Water  Development  Authority" .  ^  j^*^ 
It   was   recommended   that   air   tight   systems  be  used   to   reduce  "V 
dissolved  oxygen  contributing  to  corrosion. 

3.      Contamination  of  Ground  Water  from  Reserve  Pits. 

In  support  of  this  conclusion  EPA  relies  on  damage  case 
»J3Hg49  and  the  general  observation  that  Ohio  does  not  have  a  state- 
wide rnip  that  requires  liners  in  reserve  pits. 

OH 4 9  is  a  case  arising  in  the  Lake  Plains  region  of 
Ohio  in  1983.  At  that  time  the  discharge  which  contaminated  a 
water  well  was  a  specific  violation  of  state  statutory  and 
regulatory  requirements  for  which  enforcement  action  was  taken. 
Since  tnat  time  drilling  pits  in  the  Lake  Plains  region  have  been 
requi^w^  by  the  state  agency  to  use  synthetic  liners  or  steel 
pits.     In  addition,  with  the  passage  of  S.B.  501,  brine  disposal 
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pits  were  prohibited  from  and  after  July  1,  1986.  Thus  the  state 
has  adequately  addressed  the  concerns  raised  by  damage  case  OH49. 

CHAPTER  IV  -  HUMAN  HEALTH  AND  ENVIRONMENTAL  HEALTH  RISK  AS- 
SESSMENT.  

With  respect  to  this  analysis  we  restate  the  objection 
contained  in  our  comments  filed  on  EPA's  interim  report  on 
methodology  on  January  15,  1987.  We  do  not  believe  that  risk 
assessment  analysis  can  be  appropriately  considered  in  connection 
with  the  study  requirements  mandated  by  RCRA  §8002 (m). 

Moreover  the  process  outlined  in  this  chapter  is  little 
more  than  the  compounding  of  various  hypothetical  situations  with 
respect  to  which  there  is  virtually  no  opportunity  for  validation 
of  the  results* 

CHAPTER  V  -  COSTS  OP  BASE  LINE  AND  ALTERNATIVE  WASTE  MANAGE- 
MENT  PRACTICES.  

The  purpose  of  Chapter  5  was  to  provide  estimates  of 
the  costs  of  baseline  and  alternative  waste  management  practices 
for  the  oil  and  gas  industry.  Based  on  this  study,  EPA  plans  to 
assess  the  impact  of  alternative  waste  management  practices  on 
this  industry.  Many  of  the  findings  discussed  in  Chapter  5  do 
not  provide  an  accurate  representation  of  the  baseline  and 
alternative  waste  management  practices  available  to  the 
Appalachian  Basin  oil  and  gas  industry  or  the  costs  associated 
with  these  management  practices.  In  actuality,  the  current  or 
"baseline"  costs  in  the  Appalachian  Basin  industry  are  sig- 
nificantly  lower   than   is   reflected   by   Chapter  5.     This    is  an 
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important  deficiency  in  the  Interim  Report  because  the  incre- 
mental costs  associated  with  additional  regulations  is  likely  to 
be  much  greater  than  indicated  in  Chapter  5  and  subsequent 
studies.  This  issue  and  several  others  will  be  addressed  on  the 
comments  which  follow. 

1.      Real  vs.  Nominal  Cash  Flow. 

The  Interim  Report  states  that  the  cost  impact  of 
potential  regulations  should  be  assessed  using  "real"  (constant) 
dollars  rather  than  nominal  (current)  dollars.  The  use  of  "real" 
cash  flow  is  an  attempt  to  remove  the  impact  of  inflation  in 
making  decisions.  However,  management  decisions  are  not  based 
upon  a  "real"  hurdle  rate  of  8  percent,  they  are  based  upon  a 
nominal  hurdle  rate  of  16  percent. 

EFA's  use  of  an  8  percent  hurdle  rate  would  distort  the 
actual  return  of  a  project  by  more  than  one  percentage  point. 
The  overstatement  of  the  return  infers  that  a  new  well  could 
absorb  more  regulatory  costs  ($l,20G/year  operating  cost  or 
$6, 000  of  drilling  cost)  than  the  project  really  could  before 
becoming  uneconomical  to  drill. 

The  reason  for  the  distortion  from  using  "real"  cash 
flows  is  that  tax  writeoffs  (depreciation  of  project's  investment 
for  tax  purposes)  are  not  inflation  adjusted.  In  actuality, 
investments  made  in  today's  dollars  will  be  written  off  against 
future  inflated  taxable  income.  Therefore,  the  "real"  write  offs 
would  not  offset  as  much  income.  Taxes  would  be  disproportion- 
ately higher  using  "real"  cash  flows. 
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2.      Return  on  Capital  vs.  Return  of  Capital, 

On  page  4,  EPA  defines  the  cost  per  barrel  of  disposed 

waste  as  follows: 

Cost  per  Barrel  of  =  Annual  Oper.  Costs  +  Annualized  Capital  Cost 
disposed  waste  Barrels  of  waste  disposed  per  year 

All  capital  costs  were  annualized  by  EPA  using  an  8%  discount 

rate.     This  leaves  some  uncertainty  as  to  how  the  annualization 

was  performed.     There  are  at  least  two  different  ways  that  the 

annualization  could  be  calculated,   the  first  of  which  distorts 

any  conclusions: 

a)  Annualized  capital  cost  =  (total  capital  cost) 
(0.08).  This  methodology  incorporates  an  oppor- 
tunity cost  of  capital  into  the  Cost  Per  Barrel 
calculations  and  thus  enables  one  to  capture  an  8% 
return  on  the  capital  invested  in  the  project.  In 
other  words,  this  methodology  recognizes  the 
interest  cost  of  borrowing  the  capital  funds  and 
adds  it  to  the  annual  operating  costs  to  be 
recovered.  The  problem  with  this  methodology  is 
that  there  is  no  provision  made  for  the  repayment 
of  the  borrowed  capital  or  the  replacement  of  the 
disposal  facility  at  the  end  of  its  useful  life. 
If  EPA' s  contractors  assume  methodology  A,  then 
the  implication  would  be  that  a  project  could 
absorb  more  waste  disposal  costs  before  it  would 
become  uneconomical  to  operate. 

b)  The  second  methodology  would  annualize  the  capital 
cost  as  that  annual  payment  which  over  the  life  of 
the  disposal  site  pays  for  both  carrying  cost  on 
(return  on)  and  replacement  of  (return  of)  the 
investments  involved.  In  other  words  this  would 
be  analagous  to  a  mortgage  payment  problem.  For 
example,  $500,000  capital  spent  in  a  site  with  a 
life  of  ten  years,  at  8%  cost  of  capital,  requires 
$74,515  per  year  in  payments.  This  compares  to 
only  $40,000  (500,000  x  .08)  calculated  under  the 
previous  method.  Another  factor  complicating 
matters  is  that  the  interest  portion  of  the 
$74,515  payment  is  deductible  for  tax  purposes 
whereas  the  principal  portion  is  not. 

Incorporating    the    tax    sheltering    effects    of  depre- 
ciation  can    further    complicate   matters.      The    answer    to  these 
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complications  is  to  iteratively  solve  for  that  dollar  revenue  per 
barrel  that  yields  8%  on  discounted  cash  flow  basis  after  all 
operating  costs ,  depreciation  write  of f s ,  and  income  taxes .  The 
Interim  Report  does  not  make  it  apparent  which,  if  any,  of  the 
above  methods  were  utilized. 

3.  Classification  Based  on  Chloride, 

A  chloride  limit  of  500  ppm  is  shown  on  page  7  in 
Table  3-1  for  determining  if  a  produced  water  should  be  included 
in  level  1,  2  or  3  of  the  intermediate  scenario.  Level  1  allows 
current  practices,  while  level  2  requires  injection  into  a 
Class  II  disposal  well.  This  is  not  consistent  with  current  EPA 
effluent  guidelines  where  brine  discharges  from  stripper  oil 
wells  are  allowed  regardless  of  chloride  content,  provided  that 
the  brine  is  diluted  sufficiently  with  the  receiving  stream  to 
insure  that  water  quality  standards  are  not  exceeded.  This 
assumption  is  also  not  consistent  with  current  land  application 
practices  where  it  has  been  recognized  that  higher  chloride 
concentrations  can  be  successfully  land  applied. 

4 .  Pit  Costs. 

Cost  components  of  pit  construction  and  closing  not 
mentioned  in  Table  4-1  on  page  12  include  survey  and  design; 
reclamation  plan  and  permit;  drafting  and  typing  for  permit 
application;  pit  fluid  analysis,  treatment  and  discharge. 
Despite  the  apparent  neglect  of  these  components,  the  average 
cost  of  constructing  and  closing  a  .  25  acre  unlined  pit  was 
$26,500,  which  is  significantly  higher  than  actual  costs 
currently  experienced  by  the  industry  in  the  Appalachian  Basin. 
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5.  Lined  Pit  Disposal  Costs. 

The  cost  per  barrel  for  disposing  of  wastes  in  lined 
pits  in  the  Appalachian  Basin  is  listed  in  Table  4-7,  pages  18 
and  21,  as  ranging  from  $0.98/Bbl.  to  $6.78/Bbl.  However,  since 
precipitation  exceeds  evaporation  in  the  Appalachian  Basin, 
disposal  of  fluid  wastes  in  evaporation  pits  is  not  possible. 
Therefore,  the  costs  calculated  for  this  alternative  in  the 
Appalachian  Basin  should  not  be  included  in  Table  4-7. 

6.  Conversion  of  Class  II  Wells, 

The  assumption  was  made  on  page  28  that  no  new  wells 
would  be  drilled  for  Class  II  injection,  instead,  existing 
producing  wells  would  be  converted  to  injection  as  necessary. 
There  are  at  least  two  reasons  why  this  assumption  is  incorrect. 

First ,  in  low  permeability  reservoirs ,  where  initial 
production  was  210  barrels  of  fluid  per  day,  it  is  unreasonable 
to  assume  that  injection  into  a  well  would  be  sufficient  to 
dispose  of  water  from  several  producing  wells.  Therefore,  either 
several  wells  would  have  to  be  converted  or  a  new  well  drilled 
and  completed  in  a  different  formation,  if  one  capable  of 
sufficient  injectivity  is  available  in  the  area. 

Second,  in  several  regions  of  the  Appalachian  Basin, 
all  of  the  wells  producing  in  a  field  were  drilled  prior  to  the 
existence  of  regulations  for  the  oil  and  gas  industry.  There- 
fore,  these  wells  do  not  have  surface  casing  and  extensive 
(perhaps  cost  prohibitive)  work  would  be  required  to  enable  these 
wells  to  meet  Class  II  injection  regulations. 
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Class  II  Well  Costs. 


The  following  factors  should  be  considered  in 
Tables  6-1,  6-3,  page  30,  and  Appendix  B  in  determining  the  costs 
of  Class  II  injection  well  and  facilities  in  the  Appalachian 
Basin: 

1 .  If  a  well  currently  producing  is  converted  to 
waste  disposal ,  the  revenues  lost  (i.e.  projected 
production  revenues  from  this  well)  should  be 
considered  as  a  cost  for  this  conversion. 

2.  The  costs  listed  in  Appendix  B  for  converting  a  . 
producing  well  to  Class  II  injection  appear 
generally  high .  More  specifically ,  completion 
rig,  stimulation,  logging  and  tubing  expense  are 
excessively  high  based  upon  Appalachian  Basin 
experience. 

3.  Many  components  of  the  capital  costs  for  a 
Class  II  injection  facility  are  too  high,  result- 
ing in  an  estimated  cost  that  could  be  three  times 
greater  than  the  actual  costs  experienced  by 
industry,  as  shown  in  Exhibit  1.  In  particular, 
the*  valves,  tankage,  filters,  fittings,  etc.  and 
profit  and  overhead  appear  excessively  high. 

The  operating  costs  of  a  Class  II  injection  facility 
are  dnrninented  in  Appendix  C  of  Chapter  5.  Again,  the  operating 
costs  listed  for  the  Appalachian  Basin  appear  high.  Electric 
costs  of  $0.11/kwh  are  actually  closer  to  $0«05/kwh.  Also,  the 
replacement  of  5,324  filter  elements  per  year  (about  15  per  day) 
would  suggest  the  need  for  a  change  in  the  filter  system  design, 
especially  if  the  original  installation  cost  of  $40,000  as 
indicated  in  Appendix  B. 

°        Tnjection  Capacity 

The  assumption  appearing  in  Table  6-4 ,  page  36 ,  that  a 
disposal  well  in  the  Appalachian  Basin  will  be  capable  of  inject- 
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ing  5,000  BPD  for  20  years  is  grossly  in  error.  This  resulted  in 
an  estimated  disposal  cost  of  $0.38/Bbl.  as  listed  in  Table  6-4. 
In  reality,  a  good  disposal  well  in  the  Appalachian  Basin  might 
begin  injecting  500  BPD,  but  the  rate  of  injection  normally 
declines  according  to  Darcy's  Law  (refer  to  one  of  many  Petroleum 
Engineering  textbooks  available)  as  the  water  injected  into  the 
receiving  formation  is  displaced  further  from  the  wellbore  of  the 
disposal  well.  The  injection  rates  actually  achieved  in  the 
Class  II  wells  are  recorded  as  a  part  of  Underground  Injection 
Control  Regulations  and  are  available  to  EPA.  Exhibit  2  is  an 
injection  well  history  for  a  2,100*  Class  II  well  injecting  into 
a  typical  Appalachian  Basin  formation.  The  per  barrel  costs  of 
the  Class  II  disposal  alternative  is  significantly  increased  if 
the  injection  rate  is  reduced  from  5 , 000  BPD  to  the  actual 
injection  rate  achieved  in  the  Appalachian  Basin. 

Also,  it  should  be  noted  that  even  if  a  disposal  well 
were  available  in  the  Appalachian  Basin  that  could  inject 
5,000  BPD,  the  transportation  costs  associated  with  gathering 
this  volume  of  brine  for  disposal  would  probably  be  prohibitive. 
This  high  transportation  cost  would  be  anticipated  since  the 
average  producing  well  in  the  Appalachian  Basin  makes  a  small 
volume  of  water  (as  documented  in  "An  Analysis  of  the  Economic 
Impact  of  New  Hazardous  Waste  Regulations  in  the  Oil  and  Gas 
Industry  in  the  Appalachian  Basin")  and  therefore  a  significant 
gathering  radius  would  be  required  to  accumulate  5 , 000  BPD  of 
produced  fluids. 
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9.      Factors  Contributing  to  Disposal  Costs. 

Higher  disposal  costs  in  a  given  area  may  be  a  function 
of  low  permeability  and  the  resultant  low  injectivity  of  for- 
mations available  for  disposal ,  not  just  the  lack  of  competition 
as  suggested  on  page  34. 

10.  Drilling  Fluid  Analysis. 

The  typical  drilling  fluid  analyses  presented  in 
Table  9-3,  page  51  and  Table  10-1,  page  .55,  are  not  an  accurate 
representation  of  Appalachian  Basin  drilling  pit  fluids,  where 
most  of  the  wells  are  drilled  using  air  rotary  techniques  and. the 
water  accumulated  in  the  pit  is  actually  produced  from  formations 
encountered  during  the  drilling  process. 

11.  Transportation  Costs, 

The  transportation  costs  calculated  in  this  section  and 
summarized  in  Table  12-1,  pages  65  and  66,  are  not  accurate.  The 
time  required  for  loading  and  unloading  the  fluids  was  not 
included  in  the  cost  calculations.  Time  was  only  allowed  for  a 
one-way  trip  for  the  hauling  truck,  where  in  reality  the  operator 
would  have  to  pay  round-trip  transit  time.  Even  in  good  weather, 
it  would  not  be  advisable  to  travel  30  MPH  on  the  lease  and 
county  roads  where  most  production  facilities  in  the  Appalachian 
Basin  are  located*  A  lower  speed  should  be  assumed.  In  wet 
weather,  costs  for  a  bulldozer  to  assist  the  hauling  truck  on 
lease  roads  and  additional  transit  time  for  the  hauling  truck 
should  be  included  in  transportation  cost  calculations. 

The  transportation  cost  of  $0. 01/Bbl. /mile  documented 
in  this  section,  is  simply  not  realistic  for  the  Appalachian 
Basin. 
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CHAPTER  VI  -  ECONOMIC  IMPACT  OP  ALTERNATIVE  WASTE  MANAGEMENT 
PRACTICES  FOR  THE  ONSHORE  OIL  AND  GAS  INDUSTRY . 

According  to  the  introduction  of  Chapter  6,  "The 
purpose  of  this  report  is  to  establish  baseline,  economic  cases 
that  can  be  used  to  simulate  the  economic  performance  of  rep- 
resentative projects  both  with  and  without  the  cost  of  additional 
waste  management  practices 

The    following    comments    are    offered    to    provide  an 
accurate    evaluation   of    the    baseline    economics    of  investments 
available  to  the  Appalachian  Basin  oil  and  gas  industry  and  to 
avoid  understating  the  impact  of  any  future  regulations. 
!•      Hurdle  Rate. 

We  strongly  disagree  with  the  conclusion  of  the  Interim 
Report  that  the  Cost  of  Capital  is  equivalent  to  the  Hurdle  Rate. 
Common  industry  practice  is  that  the  Hurdle  Rate  is  derived  from 
several  factors ,  only  one  of  which  is  Cost  of  Capital: 
Cost  of  Capital 
Overhead  Coverage 
Unusual  Risk  Exposure 
Intangibles 

Page  G-18  (Table  G-6)  of  Chapter  6  displays  how  EPA 
derived  their  Cost  of  Capital.  Historical  data  were  used  to 
derive  (a)  risk-free  rate,  (b)  corporate  borrowing  rate  (debt) , 
and  (c)  inflation  rate.  We  submit  that  exclusive  use  of  the  past 
to  derive  a  cost  of  capital  to  be  used  in  the  future  is 
inappropriate.  The  understanding  of  past  relationships  is  impor- 
tant but  only  current  business  conditions  and  projections  of 
future  conditions   should  be  used   in  the  derivation  of  cost  of 
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capital  for  making  decisions  in  regard  to  long-lived  projects 
such  as  oil  and  gas  drilling. 

Project  economics  are  usually  prepared  on  an  "incre- 
mental*1 basis.  Incremental  economics  include  only  those  expendi- 
tures to  be  made  in  the  future  for  the  drilling  and  completion  of 
a  well.  However,  all  wells  together  must  pay  for  fixed  expenses 
such  as  regional  seismic  lines,  administrative  costs ,  geology, 
and  engineering  that  are  unrelated  to  specific  prospects. 
Therefore,  the  hurdle  rate  should  compensate  for  the  lower 
expenditures  used  in  incremental  economics.  On  average,  the 
hurdle  rate  is  raised  two  to  three  percentage  points  above  the 
cost  of  capital  in  the  Appalachian  Basin  to  compensate  for 
overhead. 

The  third  component  of  the  Hurdle  Rate  is  "additional 
risk  exposure. n  This  risk  exposure  is  in  addition  to  "average 
risk"  that  is  included  in  the  calculation  of  cost  of  capital. 
There  are  two  types  of  additional  risk  to  be  considered: 
(a)  risk  for  those  projects  in  which  a  large  amount  of  capital  is 
at  risk  such  as  exploratory  wells,  and  (b)  liability  risk  where 
there  is  a  hugh  loss  exposure  if  something  goes  wrong.  An 
example  of  a  liability  risk  would  be  risk  of  an  environmental 
problem  from  an  unusual  accident  such  as  a  blowout,  oil  spill,  or 
pipeline  break .  Additional  risk  exposure  will  add  from  one  to 
seven  percentage  points  above  the  cost  of  capital. 

Finally,  intangibles  should  also  be  considered  in  the 
derivation  of  the  hurdle  rate.  Intangibles  could  be  something  as 
discreet  as  whether  or  not  a  company  has  any  taxable  income.  Tax 
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losses  which  are  carried  forward  may  never  be  used  in  the  current 
business  environment  as  numerous  companies  go  bankrupt. 

A  second  intangible  to  be  considered  is  other  invest- 
ment alternatives  for  the  capital  dollars  being  considered.  Size 
of  a  company  has  no  impact  on  this  consideration.  For  large 
companies  using  internal  funds ,  the  decision  as  to  how  much 
capital  to  spend  in  exploration  and  production  is  made  after 
consideration  of  the  returns  of  other  investment  opportunities 
(internal  or  external)  for  the  company.  Small  companies,  whose 
dominant  source  of  capital  is  external,  must  consider  how  their 
exploration  and  development  projects  will  compare  with  other 
investment  opportunities  for  their  outside  sources  of  capital. 
Management  will  set  the  hurdle  rate  high  enough  so  that  only 
those  projects  which  have  competitive  potential  returns  (with 
other  investment  opportunities)  will  be  drilled. 

The  final  intangible  to  be  considered  is  the  management 
strategy  for  long-term  growth  in  assets  value.  In  a  public 
company,  the  Board  of  Directors  will  set  the  hurdle  rate  above 
the  calculated  cost  of  capital  in  order  to  enhance  shareholder 
return.  Their  intent  is  to  set  the  rate  high  enough  so  that  only 
the  better  opportunities  are  chosen.  In  this  way,  profitability, 
assets,  and  ultimately  the  company's  stock  price  will  increase  to 
meet  long-term  growth  goals.  The  hurdle  rate  is  set  high  enough 
in  an  attempt  to  make  the  company  better  than  average. 

Private  companies  set  the  hurdle  rate  for  the  same 
reasons.  Management  in  private  companies  are  concerned  with 
increasing  the  value  of  their  assets  over  time  just  like  public 
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companies.  In  the  case  of  private  companies,  market  value  is  not 
measured  by  stock  price* 

On  average,  the  intangible  considerations  will  add  two 
to  three  percentage  points  to  the  cost  of  capital  in  the  current 
business  environment. 

We  recommend  a  16  percent  hurdle  rate  for  the 
Appalachian  area  for  average  projects  instead  of  the  13  percent 
developed  by  EPA.  As  illustrated,  riskier  projects  will  require 
a  higher  hurdle  of  20  percent.  A  13  percent  rate  would  create  a 
large  distortion  for  assession  the  impact  of  potential  hazardous 
waste  regulations.  If  a  13  percent  hurdle  rate  were  to  be  used, 
then  EPA  could  state  that  the  average  project  could  absorb  a 
greater  amount  of  costs  from  new  regulations  before  the  return 
for  the  average  project  would  fall  below  the  hurdle  rate.  Any 
decision  to  invest  in  a  project  (e.g.,  enhanced  recovery  facil- 
ities) would  be  grossly  distorted  in  a  similar  manner.  The 
impact  upon  Appalachian  operators  from  this  potential  under- 
statement of  the  sensitivity  of  the  average  well  to  regulatory 
costs  would  be  devastating.  Our  comments  filed  on  February  10, 
1987,  f cr.cnstrated  that  even  two  hundred  dollars  per  year  of 
increased  operating  expense  would  shut-in  nearly  19%  of  all 
Appalachian  Basin  wells*  A  lowering  of  the  hurdle  rate  by  three 
percentage  points  (to  13  percent)  would  imply  that  the  average 
could  absorb  $3,000  per  year  in  operating  expense  or  $15,000  in 
add it  i  oral  drilling  cost.  Obviously,  this  implication  is 
incorrect . 
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2.  Sequence  Logic, 

The  sequence  logic  used  in  the  baseline  cases  on 
page  2-4  ignores  waterflood  and  E.O.R.  projects,  where  production 
response  may  not  be  achieved  for  2  or  more  years  after  the 
initial  investment  is  made.  This  fact  significantly  reduces  the 
economic  rate  of  return  generated  by  those  projects.  Over  40%  of 
the  oil  produced  in  the  United  States  is  from  waterflood  and 
E.O.R.  projects,  so  they  should  not  be  excluded  from  EPA's  study. 

Also,  in  many  cases  it  is  several  months  or  even  years 
after  initial  geophysical  work  that  an  .exploratory  well  is 
drilled.  Then  depending  on  company  budget  constraints  and  the 
length  of  time  required  to  properly  evaluate  a  successful  explor- 
atory well,  it  may  be  several  additional  months  (or  even  years) 
before  development  drilling  begins. 

3.  Cost  Logic. 

The  operating  costs  documented  in  Appendix  P,  Page  P- 2, 
of  $4,100/year  is  not  representative  of  major  companies  in  the 
Appalachian  Basin,  especially  since  overhead  costs  were  not 
included  in  this  annual  cost.  Up  to  an  additional  25%  could  be 
added  to  this  cost  if  overhead  is  included. 

4.  Need  Por  Gas  Well  Model. 

Since  53%  of  the  successful  wells  (according  to  Ta- 
ble 3-4  of  Chapter  6)  drilled  in  the  Appalachian  Basin  are  gas 
wells  and  a  significant  portion  of  the  industry  is  involved 
primarily  in  the  production  of  natural  gas,  a  study  of  the 
economic  impact  of  alternative  regulations  would  not  be  complete 
without  considering  gas  wells. 
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5.  Well  Costs 

The  cost  listed  in  Table  3-2  for  drilling  a  typical 
Zone  2  well  appears  to  be  excessively  below  the  drilling  and 
completion  costs  actually  incurred  by  the  oil  and  gas  industry  in 
the  Appalachian  Basin.  In  order  to  calculate  accurate  baseline 
economics,  the  drilling  costs  employed  must  be  a  close  approxima- 
tion of  actual  costs •  Therefore ,  additional  research  should  be 
completed  with  regard  to  the  references  noted  for  Table  3-2  to 
determine  if  the  costs  listed  are  dry  hole  costs,  or  do  they 
include  costs  for  completion  work  and  equipment.  Dry  hole  cost 
is  a  term  commonly  used  in  the  industry  to  indicate  the  cost  of 
reaching  total  depth  in  a  well  and  evaluating  it 1  s  production 
potential  prior  to  spending  the  significant  additional  costs 
required  (such  as  production  casing,  formation  stimulation  and 
production  equipment)  to  prepare  a  well  for  production.  Exhib- 
it 3  is  a  cost  estimate  for  a  2,000  feet  oil  producer  drilled  in 
1986.    The  estimated  cost  was  $98,000. 

6 .  Wellhead  Prices  and  Taxation. 

The  baseline  economic  study  documented  in  Chapter  6  is 
not  accurate  since  inconsistent  parameters  were  used  on  pages  3-9 
and  3-12.  For  instance,  a  1985  oil  price  (over  $25.00/BO)  was 
used  but  windfall  profit  taxes  were  excluded  from  this  study. 
Also,  while  more  favorable  1985  wellhead  prices  were  applied,  the 
current  corporate  tax  rate  (34%)  was  used  rather  than  actual  1985 
tax  rate  (48%)  .  The  combination  of  the  parameters  employed  in 
EPA1 s  baseline  study  will  result  in  more  favorable  economics  than 
actually  generated  by  industry  projects. 
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7.      Internal  Rate  of  Return, 

Using  the  parameters  outlined  in  Chapter  5,  EPA  per- 
formed cash  flow  analyses  on  baseline  projects.  Table  3-2  lists 
an  internal  rate  of  return  of  10 . 3%  for  majors  and  10 . 5%  for 
independents.  For  reasons  previously  discussed  in  these  com- 
ments, the  validity  of  these  cash  flow  analyses  is  questionable. 
Also,  when  considering  overhead  costs,  risk  factors,  other 
investment  opportunities ,  and  additional  intangible  factors ,  an 
IRR  of  10.5%  may  not  be  sufficient  to  justify  an  investment  in 
the  subject  project. 

CHAPTER  VII  -  SUMMARY  OF  STATE  AND  FEDERAL  REGULATIONS. 

In  our  comments  filed  with  EPA  on  January  J.5,  1987,  a 
detailed  review  was  provided  of  state  regulatory  programs  in  all 
seven  Appalachian  states.  Exhibit  4  to  these  comments  focuses  on 
the  Appalachian  states  which  were  emphasized  by  EPA  in  its 
Interim  Report  -  Ohio  and  West  Virginia.  The  exhibit  reviews  the 
regulatory  requirements  of  these  two  states  within  specifically 
identified  categories. 

CONCLUSION 

The  Interim  Report  issued  on  April  30 ,  1987,  is 
seriously  flawed  for  the  reasons  described  in  these  comments  and 
undoubtedly  others.  These  issues  should  be  addressed  by  EPA 
prior  to  preparing  its  draft  Report  to  Congress. 
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Respectfully  submitted  this  13th  day  June,  1987. 
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Exhibit  4 


I.  OHIO 

Reserve  Pit  Design,  Construction  and  Operation 
Performance  Standard 

ORC  1509.22  (C)(3):  Brine  and  other  wastes  associated  with 
drilling,  fracturing,  etc.  may  be  contained  in  pits,  but  the 
pits  must  be  designed  "to  prevent  the  escape  of  brine." 

Liners 

OAC  1501:9-1-07:  Well  operations  must  be  conducted  "in  a 
manner  which  will  not  contaminate  or  pollute  the  surface  of 
the  land,  or  water  on  the  surface  of  the  land,  or  water  on 
the  surface  or  in  the  subsurface," 

Overtoppings 

OAC  1501:9-1-07:  Well  operations  must  be  conducted  "in  a 
manner  which  will  not  contaminate  or  pollute  the  surface  of 
the  land,  or  water  on  the  surface  or  in  the  subsurface." 

Commingling  Provision 

No  such  provision  was  identified  in  the  regulations. 


Permitting/Oversight 

ORC  1509.22(C)  gives  the  chief  of  the  division  of  oil  and 
gas  the  authority  to  regulate  the  storage  and  disposal  of 
brine  and  other  waste  substances. 
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Reserve  Pit  Closure/Waste  Removal 


Deadline/General  Standard 

ORC  1509.072(A)s  "Within  five  months  after  •  .  ..  surface 
drilling  of  a  well  is  commenced,  the  owner  .  .  •  shall ,  in 
accordance  with  his  restoration  plan  filed  [with  the  chief 
of  the  division  of  oil  and  gas] ,  fill  all  the  pits  for 
containing  brine ,  other  waste  substances  resulting ,  ob- 
tained, or  produced  in  connection  with  [the  drilling  opera- 
tion] ...  and  remove  all  concrete  bases ,  drilling  sup- 
plies, and  drilling  equipment.  Within  nine  months  after  the 
date  upon  which  the  surface  drilling  of  a  well  is  commenced, 
the  owner  or  his  agent  shall  grade  or  terrace  and  plant, 
seed,  or  sod  the  area  disturbed  that  is  not  required  in 
production  of  the  well." 

Land  Disposal /Application 

OAC  1501: 9-1-07 :  Well  operations  roust  be  conducted  "in  a 
manner  which  will  not  contaminate  or  pollute  the  surface  of 
the  land. 


Road  Application 

opp  1509* 226 (A)  provides  that  if  a  local  government  chooses 
uo  permit  the  surface  application  of  brine  to'  roads  and 
similar  surfaces  within  its  jurisdiction,  then  such  activity 
-is  permitted.  Otherwise,  it  is  prohibited.  ORC  1509.226(B) 
establishes  specific  standards  for  road  spreading. 


Surface  Water  Discharge 

ORC  6111.04:  "No  person  shall  cause  pollution  or  place  or 
cause  to  be  placed  any  sewage,  industrial  waste,  or  other 
wastes  in  a  location  where  they  cause  pollution  of  any 
waters  of  the  state  .  .  •  except  in  such  cases  where  the 
director  of  environmental  protection  has  issued  a  •  •  . 
permit."  This  provision  does  not  apply  to  wastes  associated 
with  oil  and  gas  drilling  that  are  disposed  of  in  a  well 
pursuant  to  a  permit  issued  under  Chapter  1509. 

OAC  1501 : 9-1-07 :  Well  operations  must  be  conducted  "in  a 
Tnpnrtor  which  will  not  contaminate  or  pollute  •  .  .  water  on 
uic  surface  or  in  the  subsurface." 
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5.      Annular  Injection 

ORC  1509.22(C)(1)  provides  that  "(b)rine  shall  only  be 
disposed  of  by  injection  into  an  underground  formation, 
including  annular  disposal  if  approved  by  rule  of  the  chief 
[of  the  division  of  oil  and  gas] ,  which  injection  shall  be 
subject  to  division  (D)  of  this  section."  Division  D 
requires  a  permit  for  injection  of  brines  or  other  waste 
substances  unless  a  rule  of  the  chief  expressly  authorizes 
permitless  injections. 
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Produced  Water  Pit  Design  and  Construction 


Performance  Standard 

ORG  1509.22(C)(4):  "Earthen  impoundments  constructed  pursu- 
ant to  the  division 1  s  specifications  may  be  used  for  the 
temporary  storage  of  brine  and  other  waste  substances  in 
association  with  a  saltwater  injection  well,  an  enhanced 
recovery  project,  or  a  solution  mining  project." 

ORC  1509.22(C)(5)  states  that  brine  may  not  be  temporarily 
stored  in  pits  or  impoundments  except  as  provided  in 
ORC  1509.22(C)(3)  and  (C)(4). 

ORC  1509.22(C)  (6)  forbids  the  use  of  a  pit  for  the  ultimate 
disposal  of  brine. 


Liners 

There  is  no  explicit  provision,  but  liners  may  be  required 
to  satisfy  ORC  1509.22(C) (3). 


Permitting/Oversight 

ORC  1509.22(C)  gives  the  chief  of  the  division  of  oil  and 
gas  the  authority  to  regulate  the  storage  and  disposal  of 
brine  and  other  waste  substances. 
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.Produced  Water  Surface  Discharge  Limits 


Onshore 

ORC  6111 .04:  "No  person  shall  cause  pollution  or  place  or 
cause  to  be  placed  any  sewage,  industrial  waste,  or  other 
wastes  in  a  location  where  they  cause  pollution  of  any 
waters  of  the  state  .  .  .  except  in  such  cases  where  the 
director  of  environmental  protection  has  issued  a  .  .  . 
permit."  This  provision  does  not  apply  to  wastes  associated 
with  oil  and  gas  production  that  are  disposed  of  in  a  well 
pursuant  to  a  permit  issued  under  Chapter  1509. 

OAC  1501:9-1-07:  Well  operations  must  be  conducted  "in  a 
manner  which  will  not  contaminate  or  pollute  .  .  .  water  on 
the  surface  or  in  the  subsurface." 

OAC  3745-33-02  requires  an  NPDES  permit  for  pollutant 
discharge. 


Coastal /Tidal 
Not  applicable. 


Beneficial  Use 

ORC  1509.226(A)  -  A  local  government  can  permit  the  surface 
application  of  brine  to  its  roads,  etc.  for  the  control  of 
dust  or  ice.  ORC  1509.226(B)  establishes  standards  for  such 
road  spreading. 


Produced  Water  Injection  Well  Construction 


Casing 

OAC  1501s9-3-05. (A) (1) :  "Surface  casing  shall  be  free  of 
apparent  defects  and  set  at  least  fifty  feet  below  the 
deepest  underground  source  of  water  containing  less  than  ten 
thousand  mg/L  total  dissolved  solids  or  less  than  five 
thousand  mg/L  chlorides,  and  sealed  by  circulating  cement  to 
the  surface  under  the  supervision  of  the  division.  In  the 
event  cement  fails  to  circulate  to  the  surface ,  the  division 
may  approve  a  remedial  course  of  action." 

MIT  Pressure  and  Duration 

OAC  1509:9-3-07 (G) :  "Mechanical  integrity  shall  be  shown  by 
one  or  more  of  the  following  methods: 

( 1 )  The  cas  ing ,  tubing ,  and  packer  shall  be 
tested  by  pressurizing  the  annulus  between 
the  tubing  and  the  casing  outside  the  tubing 
to  an  amount  equal  to  the  maximum  allowable 
injection  pressure  as  determined  in  para- 
graph (D)  of  [OAC  1509:9-3-07]  or  to  a 
pressure  of  three  hundred  pounds  per  square 
inch  (psi) ,  whichever  is  greater,  for  a 
duration  of  fifteen  minutes  with  no  more  than 
five  per  cent  decline  in  pressure  unless 
otherwise  approved  by  the  division; 

(2)  Tracer  surveys; 

(3)  Noise  logs; 

(4)  Temperature  surveys;  or 

(5)  Any  other  logs  or  tests  considered  effective 
by  the  chief." 

MIT  Frequency 

OAC  1501 : 9-3-07 (G) :  If  the  annulus  cannot  be  monitored 
during  injection  of  fluids,  then  the  well  owner  must  prove 
mechanical  integrity  once  every  five  years. 
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Produced  Water  Injection  Well  Abandonment 


Plugging  Deadline 

OAC  1501:9-11-05(0:  Abandoned  production  of  injection  well 
plugging  operations  must  begin  without  delay  after  produc- 
tion or  injection  operations  have  ended.  The  chief  or  his 
authorized  representative  may  grant  exceptions. 


Plugging  Specifications 

Specifications  are  given  in  great  detail  in  OAC  1501:9-11-07 
to  -09. 


Plugging  Oversight 

OAC  1501: 9-11-12 (A) :  "Within  thirty  days  after  completion  of 
the  plugging  operation,  a  plugging  report  on  a  form  provided 
by  the  division  and  signed  by  the  inspector  present  at  the 
plugging  operation ,  shall  be  filed  with  the  division •  A 
cementing  report  made  by  the  party  cementing  the  well  or  a 
copy  of  the  prepared  clay  purchase  record  shall  be  attached 
to  the  plugging  report.  If  plugging  operations  were  not 
witnessed  by  an  inspector  a  plugging  report  •  *  .  signed  by 
the  owner  or  his  agent  shall  be  submitted  to  the  division 
within  thirty  days  after  completion  of  the  plugging  opera- 
tion." 


II,  WEST  VIRGINIA 
Reserve  Pit  Design ,  Construction  and  Operation 
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Performance  Standard 

Series  1,  Section  16.4.1,  Dept.  of  Energy,  Div.  of  Oil  and 
Gas  Rules:  Pits  must  be  designed  "and  maintained  so  as  to 
prevent  seepage,  leakage  or  overflows  and  to  maintain 
[their ]  integrity . w 

Water  Pollution  Control  Permit  No.  WV  0073343 (G) (1) :  "The 
discharge  of  treated  or  untreated  pit  wastewater  or  sludge, 
caused  by  any  reason  such  as  •  •  .leaking  or  overflowing  or 
an  unstable  or  breached  pit,  into  the  water  of  the  State  is 
prohibited." 

Water  Pollution  Control  Permit  No.  WV  0073343 (G) (10)  pro- 
vides specifications  for  pit  construction. 


Liners 

Series  1,  Section  16.4.4,  Dept.  of  Energy,  Div..  of  Oil  and 
Gas  Rules:  "If  existing  soil  is  not  suitable  to  prevent 
seepage  or  leakage,  other  materials  which  are  impervious 
shall  be  used  as  a  liner  for  a  pit.  Any  such  liner  shall  be 
installed  in  such  a  manner  as  to  protect  the  structural 
integrity  of  both  pit  and  liner." 

Water  Pollution  Control  Permit  No.  WV  0073343 (G) (10) (d) 
contains  identical  requirements  to  Series  1,  Section  16.4.4, 
Department  of  Energy,  Division  of  Oil  and  Gas  Rules. 

Overtopping 

Series  1,  Section  16.4.3,  Dept.  of  Energy,  Div.  of  Oil  and 
Gas  Rules:  If  an  operator  cannot  maintain  adequate 
freeboard  to  prevent  pit  overflow,  another  pit  must  be  built 
conforming  to  the  pit  construction  specifications  in  Sec- 
tion 16.4. 

Water  Pollution  Control  Permit  No.  WV  0073343 (G)  (10) (c) 
contains  requirements  identical  to  Series  1,  Section  16.4.3, 
Department  of  Energy,  Division  of  Oil  and  Gas  Rules. 
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Commingling  Provision 

Water  Pollution  Control   Permit  No.    WV   0073343(G)(7):  The 


into  a  pit: 
f rac  *  fluid  or 


following  materials  may  not  be  dumped 
production  brine  (produced  water) ;  unused 
acid ;  compressor  oil ,  trash ,  rubbish  and  other  refuse , 
diesel,  kerosene,  halogenated  phenol  and  drilling  additives 
prepared  in  diesel  or  kerosene;  and  any  waste  fluids  after 
initial  treatment  of  the  pit  waste. 
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Permitting/Oversight 

Series  1,  Section  16.1.1,  Dept.  of  Energy,  Div.  of  Oil  and 
Gas  Rules:  "A  proposed  reclamation  method  for  construction 
of  .  .  .  pits  .  .  .  shall  be  submitted  on  Form  WW- 9  with  the 
application  for  any  permit  required  by  W.Va.  Code  S22B-1-6. 
.  .  .  Such  proposed  reclamation  methods  shall  be  approved 
by  the  Director  or  his  designate,  prior  to  the  issuance  of 
the  permit,  all  reclamation  shall  be  done  under  the  super- 
vision of  the  Director." 
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Reserve  Pit  Closure/Waste  Removal 


Deadline/General  Standard 

W.Va.  Code  $22B~l-30(a)  -  Pits  not  needed .  for  production 
purposes  or  not  required  by  law  or  rule  must  be  filled 
within  six  months  after  the  drilling  process  has  been 
completed .  All  concrete  bases ,  drilling  supplies ,  and 
drilling  equipment  must  also  be  removed  at  this  time, 

W,  Va.  Code  §22B-l~6(d)j  "An  erosion  and  sediment  control 
plan  shall  accompany  each  application  for  a  well  work  permit 
except  for  a  well  work  permit  to  plug  or  replug  any  well." 


Land  Disposal/Application 

Water  Pollution  Control  Permit  No.  *  WV  0073343  contains 
various  requirements  for  land  application 


Surface  Water  Discharge 

The  Water  Pollution  Control  Act,  W.Va.  Code  S20-5A-5  prohib- 
its point  source  discharges  to  State  waters  without  a 
permit.    State  waters  include  both  surface  and  groundwater. 

Series  1,  Section  7.2,  Dept.  of  Energy,  Div.  of  Oil  and  Gas 
Rules :  "No  discharge  of  salt  water ,  brackish  water ,  or 
other  water  unfit  for  domestic  livestock  or  other  general 
use  shall  be  made  into  the  waters  of  the  State." 

W.  Va.  Code  S22B-1-7  requires  water  pollution  control 
permits,  grants  the  director  of  the  division  of  oil  and  gas, 
department  of  energy  enforcement  authority,  and  provides 
penalties  for  violations  of  this  section. 
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C.      Produced  Water  Pit  Design  and  Construction 


1 •      Performance  Standard 


Series  1,  Section  16.4.1,  Dept.  of  Energy,  6iv.  of  Oil  and 
Gas  Rules:  "Any  pit  shall  be  constructed  and  maintained  so 
as  to  prevent  seepage,  leakage  or  overflows  and  to  maintain 
its  integrity.  . 


Liners 

Series  1,  Section  16.4.4,  Dept.  of  Energy,  Div.  of  Oil  and 
Gas  Rules:  Liners  are  needed  if  the  existing  soil  does  not 
prevent  seepage  or  leakage. 


Permitting/Oversight 

Series  1,  Section  16.1.1,  Dept.  of  Energy,  Div.  of  Oil  and 
Gas  Rules:  "A  proposed  reclamation  method  for  construction 
of  .  .  •  pits  •  .  .  shall  be  submitted  on  Form  WW-9  with  the 
application  for  any  permit  required  by  W.Va.  Code  S22B-1-6. 

Such  proposed  reclamation  methods  shall  be  approved 
ui6  Director  or  his  designate,  prior  to  the  issuance  of 
the  permit,  all  reclamation  shall  be  done  under  the  super- 
tHe^o*  of  the  Director." 
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Onshore 


The  Water  Pollution  Control  Act,  W.Va.  Code  S20-5A-5  prohib- 
its point  source  discharges  to  State  waters  without  a 
permit* 


Series  1,  Section  7.2,  Rules  of  Div.  of  Oil  and  Gas:  "No 
discharge  of  salt  water,  brackish  water,  or  other  water 
unfit  for  domestic  livestock  or  other  general  use  shall  be 
made  into  the  waters  of  the  State." 

Series  4,  Section  3.1,  Rules  of  the  Div.  of  Oil  and  Gas: 
"No  person  shall  discharge  pollutants  .  •  .  into  surface 
waters  of  the  State  except  as  authorized  pursuant  to  State 
NFDES  permit,  general  permit  or  combined  well  work  permit." 


Coastal/Tidal 
Not  applicable. 


Beneficial  Use 

Road  spreading  of  brines  is  not  prohibited  and  is  currently  j~> 
being  studied.  r5! 


Series  4,  Section  3.1,  Dept.  of  Energy,  Div.  of  Oil  and  Gas 
Rules:  A  State  NPDES  permit  is  required  for  discharge  into 
State  waters. 


Permitting/Oversight 
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Produced  Water  Injection  Well  Construction 


1.  Casing 


Series,  Section  7.1.1,  Department  of  Energy,  Division  of  Oil 
and  Gas  Rules:  "Injection  of  water,  other  liquids,  or 
wastes  shall  be  accomplished  through  a  tubing  and  packer 
arrangement  with  the  packer  set  immediately  above  the 
injection  zone,  and  the  annulus  between  the  tubing  and 
casing  shall  be  monitored  by  pressure  sensitive  devices  or 
through  production  casing  adequately  seated  and  cemented 
that  will  allow  monitoring  of  the  annulus  between  the 
injection  casing  and  last  intermediate  casing  string  or 
coal-fresh  water  casing  string,  as  the  case  may  be. 

MIT  Pressure  and  Duration 

Series  1,  Section  7.3,  Department  of  Energy,  Division  of  Oil 
and  Gas  Rules  discusses  requirements  for  mechanical  integri- 
ty testing. 

MIT  Frequency 

Series  1 ,  Section  7.7.2,  Department  of  Energy,  Division  of 
CiA  and  Gas  Rules  s  "The  mechanical  integrity  of  a  liquid 
injection  or  waste  disposal  well  must  be  demonstrated  to  the 
approval  of  the  Director  again  within  five  years  from  the 
last  test  date  order  for  injection  to  continue . " 


rtoandoned  Wells 

W.Va.  Code  S22B-1-23  -  "Prior  to  .  .  .  the  abandonment  of 
any  well,  the  well  operator  shall  either  (a)  notify  .  .  . 
the  director  and  the  coal  operator  operating  coal  seams,  the 
coai  seam  owner  of  record  or  lessee  of  record  •  •  •  and  the 
coal  operators  ...  of  its  intention  to  plug  and  abandon 
any  such  well. " 

Series  1,  Section  13,  Department  of  Energy,  Division  of  Oil 
and  Gas  Rules  discusses  requirements  for  the  plugging, 
abandonment,  and  reclamation  of  wells. 
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Produced  Water  Injection  Well  Abandonment 


Plugging  Deadline 

W.Va.  Code  S22B- 1-19 "Any  well  which  is  completed  as  a  dry 
hole  or  which  is  not  in  use  for  a  period  of  twelve  consecu- 
tive months  shall  be  presumed  to  have  been  abandoned  and 
shall  promptly  be  plugged  by  the  operator  •  .  •  unless  the 
operator  furnishes  satisfactory  proof  to  the  director  that 
there  is  a  bona  fide  future  use  for  such  a  well." 


Plugging  Specifications 

Very  detailed  specifications  are  spelled  out  in  W.Va,  Code 
S22B-1-24.  

Series  1,  Section  14,  Department  of  Energy,  Division  of  Oil 
and  Gas  Rules  discusses  materials  used  in  well  plugging  and 
application  for  well  plugging. 


Plugging  Oversight 

W.Va»  Code  S22B-1-23:  Before  plugging  operations  and 
abandonment  commence,  the  director  must  be  given  a  bond. 
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Law  Officios 

Robinson  &  McEiavee 

P.  O.  BOX  1701 

Charleston,  Wkst  Vihginia  ssc 

TELEPHONE  |yO<D  3«M-50OO 
BOO  UNITED  CENTER 


LEXINGTON  OK  MCE 
P.  O.  BOX  IS60 
LEXINGTON,  KENTUCKY  AObQZ 

TELEPHONE  [6061  23  1-6131 
FIRST  NATIONAL  BUILDING 


February  23,  1987 


HENRY  C.  BOW  EN 
DOUGLAS  C.  McELWEE 
WILLIAM  E.  ROBINSON 
REBECCA  L.  3TEPTO 
0E8RA  A,  WERTMAN 
BRENT  D.  BENJAMIN 
DAVID  L.  YAUSBV 
ROBERT  L.  LAN  NAN  IX 
SARAH  M.  STUMP 
CHRISTOPHER  B.  POWER 
MARC  A.  SHAPIRO 

LEXINGTON 
EDWARD   N.  HALL  * 
U.  ALLAN  WEBB 

•  ADM  ITT  tD  TO  PRACTICE  <M 
KENTUCKY  APO  WEST  VIRGJNfA 


FEDERAL  EXPRESS 


Mr.  Dan  Derkics 
Office  cf  Solid  Waste 

United  States  Environmental  Protection  Agency 
401  M  Street,  S.W. 
Washington,   D.C.  20460 

Re :     Oil  and  Gas  Waste  RCRA  §8002 (m)    Study . 

Dear  Mr.  Derkics: 

Enclosed  for  your  consideration  are  3  copies  of  "An 
Analysis  of  Damage  Assessment  Cases  Reviewed  by  the  United  States 
Environmental  Protection  Agency  for  the  States  of  West  Virginia 
and  Ohio  in  Connection  with  its  Review  of  Oil  and  Gas  Waste 
Pursuant  to  RCRA  §8002"  which  is  submitted  on  behalf  of  the 

Independent  Oil  and  Gas  Association  of  New  York 

Independent  Oil  and  Gas  Association  of  West  Virginia 

Kentucky  Oil  and  Gas  Association 

Ohio  Oil  and  Gas  Association 

Pennsylvania  Natural  Gas  Associates 

Pennsylvania  Oil  and  Gas  Association 

Tennessee  Oil  and  Gas  Association 

Virginia  Oil  and  Gas  Association 

West  Virginia  Oil  and  Natural  Gas  Association 


Should    you    have    any   questions    regarding    the  enclosed 
material ,   please  contact  me. 

Very  truly  yours , 
David  M .  Flannery 

DMF i j  sp 
Enclosures 

cc:     Mr.   Robert  Hall  (WK-565E) 
Ms .   Susan  deNagy  (WH-552) 


AN  ANALYSIS   OF  DAMAGE   ASSESSMENT  CASES   REVIEWED   BY  THE 
UNITED    STATES    ENVIRONMENTAL   PROTECTION   AGENCY    FOR  THE 
STATES  OF  WEST  VIRGINIA  AND  OHIO  IN  CONNECTION  WITH  ITS 
REVIEW  OF  OIL  AND  GAS  WASTE  PURSUANT  TO  RCRA  §8002. 


ON  BEHALF  OF  THE 


INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF  NEW  YORK 
INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF  WEST  VIRGINIA 
KENTUCKY  OIL  AND  GAS  ASSOCIATION 
OHIO  OIL  AND  GAS  ASSOCIATION 
PENNSYLVANIA  NATURAL  GAS  ASSOCIATES 
PENNSYLVANIA  OIL  AND  GAS  ASSOCIATION 
TENNESSEE  OIL  AND  GAS  ASSOCIATION 
VIRGINIA  OIL  AND  GAS  ASSOCIATION 
and  the 

WEST  VIRGINIA  OIL  AND  NATURAL  GAS  ASSOCIATION 


Submitted  By : 

Robinson  &  McElwee 

David  M .  Flannery 
Robert  E .  Lannan 

Post  Office  Box  1791 
600  United  Center 
Charleston,  West  Virginia     253  01 
304/344-5800 


February  23,  1987 


In  connection  with  its  study  of  oil  and  gas  waste 
pursuant  to  RCRA  §8002  for  purposes  of  determining  whether  such 
waste  should  be  regulated  as  hazardous  waste,  EPA ,  through  its 
contractor,  Versar,  has  undertaken  an  examination  of  the  com- 
plaint files  of  various  states  to  identify  documented  cases  of 
environmental  harm  resulting  from  surface  runoff  and  leachate 
from  the  exploration,   development  and  production  of  oil  and  gas. 

As  it  relates  to  the  Appalachian  Basin,  Versar  has 
examined  damage  cases  for  the  States  of  West  Virginia  and  Ohio. 
These  trade  organizations  have  obtained  from  these  states  the 
information  that  was  provided  to  Versar.  This  paper  will  review 
those  complaints  and  offer  observations  bearing  upon  the  rele- 
vance of  those  complaints  to  the  scope  of  EPA's  study  and  com- 
menting upon  the  adequacy  of  state  regulatory  programs  to  respond 
to  those  complaints. 

No  comment  will  be.  offered  at  this  time  on  the  adequacy 
of  the  documentation  of  these  complaints . 

I.       WEST  VIRGINIA 

We  have  been  advised  by  the  West  Virginia  Department  of 
Natural  Resources  that  Versar  has  been  provided  with  copies  of 
documents  related  to  some  44  complaints  which  have  been  regis- 
tered with  that  agency  from  .1 9  70  to  date .  Attached  and  iden- 
tified collectively  as  Exhibit  A  is  a  summary  of  each  of  those 
44  complaints .  In  each  case ,  we  have  identified  the  environ- 
mental damage  which  is  apparent  on  the  face  of  that  complaint  and 
provided   a  description   of   the   nature   of   the   operation   which  is 
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alleged  to  have  caused  the  environmental  damage .  In  each  case, 
we  have  also  provided  an  assessment  of  the  enforcement  action,  if 
any,,  that  was  taken  in  response  to  the  complaint,  as  well  as  an 
identification  of  existing  regulatory  requirements  applicable  to 
each  case. 

Our  review  of  this  data  indicates  that  five  of  the 
cases  should  be  disregarded.  The  complaints  dated  April  25,  1975 
and  April  4,  1976  are  not  related  to  surface  runoff  or  leachate. 
The  complaints  dated  June  23  ,  1977  and  June  25,  1984  ,  are  not 
associated  with  the  exploration,  development  or  production  of  oil 
and  gas.  The  complaint  of  March  16,  1981  appears  to  indicate  no 
environmental  harm. 

In  22  of  the  remaining  39  cases,  criminal  enforcement 
actions  were  taken  by  state  regulatory  agencies.  In  addition, 
there  were  8  cases  in  which  the  person  responsible  for  the 
discharge  was  assessed  a  monetary  penalty  equal  to  the  replace- 
ment value  of  any  fish  that  may  have  been  killed  by  the  dis- 
charge .  In  4  cases  the  agency  ordered  remedial  action .  There 
are  an  additional  12  cases  in  which  the  nature  of  any  enforcement 
action  that  might  have  been  taken  is  either  unknown  or  nonexis- 
tent . 

Most  significantly ,  however ,  our  review  of  these  cases 
has  identified  clear  statutory  or  regulatory  authority  already  in 
existence  that  can  be  used  to  prevent  or  minimize  the  environ- 
mental harm „  West  Virginia  has  implemented  a  general  permit  to 
regulate  drilling  pits  and  drilling  fluid  discharges  since  1985. 
A    general    permit    regarding    produced    fluid    is    currently  being 
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developed.  It  is  apparent f  therefore,  that  no  additional 
regulatory  authority  need  be  established  pursuant  to  RCRA  Subti- 
tle C,  or  otherwise,  to  provide  regulatory  agencies  with  addi- 
tional tools  to  address  these  situations. 

II.  OHIO. 

We  have  been  advised  by  the  Ohio  Department  of  Natural 
Resources  that  Versar  has  been  provided  with  copies  of  documents 
related  to  4  cases.  Attached  and  identified  collectively  as 
Exhibit  B  is  a  summary  of  each  of  those  4  cases.  As  with  the 
West  Virginia  cases-  we  have  identified  the  environmental  damage 
report  and  the  cause,  if  known.  We  have  also  provided  a  dis- 
cussion of  any  enforcement  or  remedial  action  taken  and  the  state 
or  federal  requirements  that  regulate  the  activity  involved. 

The  documentation  of  these  four  cases  indicated  that  in 
each  case  ODNR  took  action  to  correct  the  situation  upon  discov- 
ery of  a  problem.  In  each  case ,  there  is  clear  existing  state 
and  federal  authority  to  regulate  this  conduct  and  to  take 
appropriate  enforcement  action . 

III .  CONCLUSION. 

A  review  of  these  damage  cases  indicates  that  in  each 
of  these  states  agencies  have  regulatory  programs  in  place  which 
authorize  them  to  address  the  disposal  of  waste  material  associ- 
ated with  crude  oil  and  natural  gas  exploration ,   development  and 


production.  Not  only  do  these  agencies  have  the  authority,  it  is 
obvious  from  this  review  that  they  exercise  it. 

As  our  comments  dated  January  14,  1987,  indicated, 
Congress  has  made  it  clear  that  EPA  must  assess  the  adequacy  of 
existing  regulatory  programs  before  determining  whether  a  new 
program  founded  upon  RCRA  is  justified.  This  investigation 
offers  convincing  authority  for  the  fact  that  existing  programs 
are  adequate  to  protect  human  health  and  the  environment. 
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WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:       June  30,  1970 


2.        ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  discolored  water, 
odor  and  some  crayfish  killed  due  to  mud. 


Slight 


4. 


OIL  AND  GAS  OPERATION : 

Discharge  from  drilling  pit. 

ENFORCEMENT  ACTION  TAKEN: 

Unknown , 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS ; 

This  discharge  would  be  prohibited  under  current 
statutory ,   regulatory  and  permit  requirements , 


\ 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:       June  6,   197  2 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  death  of  aquatic  life  and 
stream  discoloration. 


OIL  AND  GAS  OPERATION: 

Failure  of  dike  wall  on  drilling  pit • 


ENFORCEMENT  ACTION  TAKEN: 
Unknown . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Discharges  to  surface  streams  are  prohibited  under 
current  statues ,  regulations  and  permits  *  Pit  wall 
construction  is  regulated  under  administrative  regu- 
lations of  the  Department  of  Energy, 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     September  20,   197  2 


ENVIRONMENTAL  DAMAGE : 

Stream  discharge  with  resulting  fish  kill. 


OIL  AND  GAS  OPERATION: 

Leaking  drilling  pit  discharge  to  surface  stream. 


ENFORCEMENT  ACTION  TAKEN: 
Unknown. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Discharges  to  surface  stream  is  prohibited  by  current 
statute ,  regulation  and  permit .  Requirement  to  con- 
struct pits  that  do  not  leak  are  contained  in  regu- 
lations of  the  Department  of  Energy. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION   OF  WATER  RESOURCES 
COMPLAINT 


DATE  5     January  25  ,   197  3 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  of  unused  well  stimulation  fluids 
resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION: 

Direct  discharge  of  stimulation  fluid  from  frac  tanks 
associated  with  well  stimulation  operations „ 


ENFORCEMENT  ACTION  TAKEN: 

Criminal  warrants  issued  for  violating  statutory 
requirements  on  stream  pollution  and  for  discharging 
without  a  permit. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

The  discharge  of  frac  fluid  into  a  surface  stream  is 
prohibited  under  current  statute ,  regulation  and 
permits . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:       May  5,    19  73 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  of  drilling  fluids  resulting  in  fish 
kill  and  turbid  and  muddy  water. 


OIL  AND  GAS  OPERATION: 

Slippage  of  solid  material  into  a  drilling  pit  associ- 
ated with  a  storage  field  project  resulted  in  the 
overflow  of  liquids  into  the  surface  stream. 


ENFORCEMENT  ACTION  TAKEN: 

Criminal  warrants  were  to  have  been  issued  for  the 
stream  pollution  and  fish  kill. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Such  stream  discharges  are  prohibited  by  current 
statutes ,   regulations  and  permits .     Operator  subject  to 

assessment  for  the  value  of  fish  killed. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     September  6,   197  3 


ENVIRONMENTAL  DAMAGE : 

Stream  discharge  resulting  in  fish  and  crayfish  kill. 


OIL  AND  GAS  OPERATION? 

Drilling  pit  dike  breached  allowing  release  of  drilling 
fluids  into  surface  stream. 


ENFORCEMENT  ACTION  TAKEN; 

Operator  assessed  the  cost  to  replace  the  game fish  or 
aguatic  life  killed. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS; 


Discharges  to  surface  streams  prohibited  by  current 
statute ,  regulation  and  permits .  Statute  authorizes 
DNR  to  recover  the  value  of  lost  aquatic  life . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE i     April   24,  1975 


ENVIRONMENTAL  DAMAGE: 

Failure  to  reclaim  pits  resulting  in  safety  problems. 

Note:  This  complaint  does  not  appear  to  be  related  to 
surface  runoff  or  leachate  but,  rather,  a  safety 
problem  associated  with  the  pit  itself. 

OIL  AND  GAS  OPERATION: 

Reclamation  of  drilling  pit, 

ENFORCEMENT  ACTION  TAKEN : 
Unknown . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Current  statutes ,  regulations  and  permits  require 
reclamation  of  all  drilling  pits  in  accordance  with 
technical  guidelines  of  the  Department  of  Energy, 
Reclamation  bonds  are  required  to  be  posted  to  assure 
proper  reclamation. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     May  24,  1976 


ENVIRONMENTAL  DAMAGE: 

Discharge  to  a  surface  stream  resulting  in  the  death  of 
"4  small  minnows." 


OIL  AND  GAS  OPERATION: 

Discharge  of  20  to  25  barrels  of  salt  water  from  a  tank 
(presumably  for  oil  storage)  resulting  from  the  crack- 
ing of  a  plastic  line  at  the  base  of  the  tank. 


ENFORCEMENT  ACTION  TAKEN: 
Unknown • 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 


Stream  discharges  are  prohibited  by  current  statute , 
regulation  and  permit.  40  C .F ,R.  Part  112  requires  the 
diking  of  tanks  of  specified  size . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     September  6,   19  76 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  aquatic  life  death. 


OIL  AND  GAS  OPERATION: 

Salt  water  spill    (of  unknown  origin) . 


ENFORCEMENT  ACTION  TAKEN: 

Operator  pleaded  guilty  to  criminal  charges  of  stream 
pollution  and  failure  to  report  a  spill. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Stream  discharges  are  prohibited  under  current  stat- 
utes, regulations  and  permits.  Failure  to  report  a 
spill  is  prohibited  under  current  statute  and  regula- 
tions . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     September  20,  1976 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 

OIL  AND  GAS  OPERATION: 

Discharge  from  gas  well  drilling  operation. 


ENFORCEMENT  ACTION  TAKEN : 


Criminal  charges  filed  for  failing  to  report  a  spill 
and  the  company  required  to  pay  the  replacement  cost 
for  the  fish  killed. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 


Stream  discharges  prohibited  by  current  statute , 
regulation  and  permits •  Failure  to  report  a  spill 
prohibited  by  current  statute  and  regulation ;  operator 
obligated  to  pay  the  cost  of  replacing  fish  killed  in 
such  a  spill . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


1.       DATE i     June  23,  1977 


2.  ENVIRONMENTAL  DAMAGE: 

Stream  discharge  of  gasoline  and  fuel  oil  resulting  in 
fish  kill. 

Note ;  This  discharge  appears  related  to  petroleum 
refinery  operations  and  not  to  oil  and  gas  well  drill- 
ing, exploration  and  production. 

3.  OIL  AND  GAS  OPERATION: 

Discharge  of  gasoline  and  fuel  oil  from  oil  refinery. 

4.  ENFORCEMENT  ACTION  TAKEN: 

Company  required  to  pay  fish  replacement  cost. 

5.  CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Discharges  to  surface  streams  of  this  type  prohibited 
by  current  statute  and  regulation .  Fish  damage  from 
such  discharges  recoverable  against  the  company. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


1.  DATE:     April  20,    197  9 

2.  ENVIRONMENTAL  DAMAGE: 

Stream  discharges  resulting  in  fish  kill. 

3.  OIL  AND  GAS  OPERATION: 

Drilling  pit  breach. 

4.  ENFORCEMENT  ACTION  TAKEN; 

Criminal  warrant  may  have  been  issued. 

5.  CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 


Stream  discharges  of  this  kind  are  prohibited  by 
current  statute ,   regulation  and  permit . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF   WATER  RESOURCES 
COMPLAINT 


DATE:     August  13,    19  79 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  discoloration  and  dead 
fish. 


OIL  AND  GAS  OPERATION: 

Discharge  from  drilling  pit  of  drilling  fluids  (mostly 
drilling  detergents) . 


ENFORCEMENT  ACTION  TAKEN: 

Some  consideration  was  given  to  bringing  criminal 
action  against  the  operator  as  well  as  the  possibility 
of  assessing  the  operator  for  the  value  of  the  aquatic 
life  that  was  killed  as  a  result  of  the  spill . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Stream  discharges  of  this  kind  are  prohibited  by 
statute ,  regulation  and  permit .  Operators T  obligated 
to  pay  for  the  replacement  value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE  ;     August  21,  1979 


ENVIRONMENTAL  DAMAGE: 

Discharge  to  surface  stream  resulting  in  death  of 
minnows  and  discoloration. 


OIL  AND  GAS  OPERATION: 

Operator  opened  a  valve  on  an  oil  storage  tank  allowing 
the  release  of  salt  water  oil  and  detergent. 


ENFORCEMENT  ACTION  TAKEN : 


Criminal  warrant  issued  against  operator  for  negligent 
pollution . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Stream    discharges     of     this     kind     are    prohibited  by 

statute  t  regulation  and  permit .  40  C .  F .  R .  Part  112 
requires  diking  of  facilities  of  certain  size .  Stat- 
utes authorize  assessment  of  replacement  value  for  dead 
aquatic  life . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE;     May  23,  1980 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION : 

Heavy  rainfall  caused  drilling  pit  to  overflow  causing 
release  of  stimulation  fluid  contained  in  the  pit. 


ENFORCEMENT  ACTION  TAKEN: 

Company  was  cited  for  unlawful  discharge. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Such  discharge  prohibited  by  current  statute ,  regu- 
lation and  permit .  Current  regulations  and  permits 
require  the  operator  to  divert  stormwater  runoff  away 
from  the  drilling  pit.  Current  regulations  and  permit 
require  the  operator  to  maintain  adequate  freeboard  and 
to  construct  additional  drilling  pits  as  necessary  to 
prevent  overflow.  Current  statutes  authorize  an 
assessment  to  be  imposed  on  the  operator  for  the 
replacement  value  of  aquatic  life  killed. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     June  23,  1980 


ENVIRONMENTAL  DAMAGE  i 

Stream  discharge  resulting  in  the  death  of  7  minnows. 


OIL  AND  GAS  OPERATION; 

Breach  of  drilling  pit  wall  resulting  in  release  of 
material  to  surface  stream. 


ENFORCEMENT  ACTION  TAKEN; 

Operator  cited  with  a  criminal  warrant  for  stream 
pollution  and  assessed  a  fine. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Such  stream  discharges  are  prohibited  by  current 
statute ,  regulation  and  permit .  Operator  subject  to 
assessment  for  replacement  value  of  aquatic  life 
killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  REiSOURCES 
COMPLAINT 


DATE;     May  3.4,   19  80 

ENVIRONMENTAL  DAMAGE: 

Stream  discharge  with  resulting  fish  kill. 

OIL  AND  GAS  OPERATION; 

Frac  water  leaked  from  a  drilling  pit. 

ENFORCEMENT  ACTION  TAKEN : 

Operator  assessed  the  replacement  cost  for  aquatic  life 
killed  as  a  result  of  the  spill, 

CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Spills  of  this  kind  are  prohibited  by  current  statute , 
regulation  and  permit .  Operator  subject  to  assessment 
for  the  value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:      July  16,  1980 


ENVIRONMENTAL  DAMAGE : 

Stream  discharge  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION; 

Discharge  of  frac  water  from  tanks  from  discharge  of 
unused  frac  fluid  from  tanks. 


ENFORCEMENT  ACTION  TAKEN: 

Operator  cited  with  criminal  warrants  for  stream 
pollution  and  assessed  the  replacement  value  for 
aquatic  life. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS- 

Such  discharges  are  '  prohibited  by  current  statute , 
regulation  and  permit.     Operator  subject  to  assessment 

for  the  value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


1.  DATE;     August  11,   19  80 

2.  ENVIRONMENTAL  DAMAGE : 

Stream  discharge  resulting  in  fish  kill, 

3.  OIL  AND  GAS  OPERATION: 

Drilling  pit  discharge  of  frac  fluid. 


ENFORCEMENT  ACTION  TAKEN : 

Company  cited  for  a  criminal  warrant  for  unlawful 
stream  discharge  and  assessed  replacement  cost  for  the 
fish  kill. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 


Discharges  of  this  kind  prohibited  by  current  statute , 
regulation  and  permit .  Operator  subject  to  assessment 
for  the  replacement  value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF   NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE *.     September  13,    19  80 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION : 


Stimulation  of  flowback  from  a  well  which  directly 
entered  a  stream  inasmuch  as  the  operator  did  not  have 
a  pit  constructed  to  receive  that  flowback. 


ENFORCEMENT  ACTION  TAKEN : 


Operator  cited  with  a  criminal  warrant  for  stream 
pollution  e 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 

Discharges  of  this  kind  are  prohibited  under  current 
statute ,  regulation  and  permit .  Current  regulations 
and  permits  require  stimulation  flowback  fluids  to  be 
directed  to  a  pit  for  control  and  treatment  prior  to 
land  application  or  other  authorized  disposal  method- 
ology .  Operator  also  subject  to  replacement  value  for 
any  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF   NATURAL  RESOURCES 
DIVISION  Or  WATER  RESOURCES 
COMPLAINT 


DATE:     September  2  7 ,   198  0 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  with  resulting  fish  kill. 


OIL  AND  GAS  OPERATION: 

Discharge  from  a  waste  pit. 


ENFORCEMENT  ACTION  TAKEN: 

Criminal  warrant  issued  against  the  operator. 

CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 


Discharges  of  this  kind  are  prohibited  by  current 
statute  ,  regulation  and  permit .  Operator  subject  to 
replacement  cost   for  fish  kill. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     October  1,    19  80 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION: 

Salt  water  drainage  from  an  oil  storage  tank. 


ENFORCEMENT  ACTION  TAKEN: 

Criminal  prosecution  undertaken  against  the  operator 
for  prohibited  stream  pollution. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 


Discharges  of  this  kind  are  prohibited  by  current 
statute ,  regulation  and  permit .  Operator  is  subject  to 
replacement  cost  for  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:  March  16 ,  19  81 
ENVIRONMENTAL  DAMAGE: 

Discharge  of  oil  film  to  surface  stream. 

Note :  There  is  no  indication  of  any  environmental 
harm . 


OIL  AND  GAS  OPERATION : 

Oil  seeping  into  a  surface  stream  from  an  old  drilling 
pit  that  was  filled  in  while  containing  a  quantity  of 
oil. 


ENFORCEMENT  ACTION  TAKEN : 

Department  of  Natural  Resources  took  no  criminal  action 
against  this  operator  but ,  instead ,  worked  with  the 
operator  to  initiate  remedial  action . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 

Discharges  of  this  kind  are  prohibited  by  current 
statute r  regulation  and  permit .  All  reclamation 
requirements  must  be  undertaken  in  accordance  with 
regulations  and  technical  guidelines  of  the  Department 
of  Energy.  Current  permits  prohibit  the  placement  of 
refined  oils  in  drilling  pits  and  require  all  crude  oil 
to  be  skimmed  from  the  surface  of  drilling  pits  prior 
to  discharge  of  pit  contents . 
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WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     July  13,  1981 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION: 

Discharge  of  brine  from  an  oil  stock  tank  battery 
perhaps  resulting  from  a  faulty  brine  line. 


ENFORCEMENT  ACTION  TAKEN: 
None  indicated. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 


Discharges  of  this  kind  are  prohibited  by  current 
statute ,  regulation  and  permit ,  Operator  subject  to 
assessment  for  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF   NATURAL  RESOURCES 
DIVISION   OF  WATER  RESOURCES 
COMPLAINT 


DATE:     September  27,  1981 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION: 

Salt  water  discharge  from  an  oil  storage  tank  caused  by 
leaking  valve. 


ENFORCEMENT  ACTION  TAKEN: 

Operator  cautioned  and  advised  that  criminal  action 
would  be  taken  if  the  situation  reoccurred. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Stream  discharge  of  this  type  is  prohibited  by  current 
statute ,    regulation    and   permit .      Operator    subject  to 

assessment  for  the  value  of  fish  killed. 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     October   13,    19  81. 

ENVIRONMENTAL  DAMAGE: 

Dead  and  sick  cattle  alleged  by  the  owner  to  have  been 
caused  by  produced  fluid  from  a.  gas  well. 

Note :  Complaint  form  is  inconclusive  in  attributing 
the  alleged  damage  to  the  gas  well. 

OIL  AND  GAS  OPERATION: 

Produced  fluid  from  gas  well. 

ENFORCEMENT  ACTION  TAKEN: 
Unknown . 

CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Discharges  of  produced  fluid  to  surface  streams  are 
prohibited  under  current  statute ,  regulation  and 
permit . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     November  22 ,   19  81 


ENVIRONMENTAL  DAMAGE • 

Stream  discharge   resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION : 

Discharge  of  well  stimulation  flowback  fluid  to  a 
surface  stream  at  a  site  where  the  pit  had  already  been 
reclaimed . 


ENFORCEMENT  ACTION  TAKEN: 

Enforcement  action  appears  to  have  been  contemplated  by 
DNR  • 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Such  stream  discharges  of  stimulation  flowback  fluid 
are  prohibited  by  current  statue  f  regulation  and 
permit .  Under  the  current  applicable  permit,  well 
stimulation  fluid  would  be  required  to  be  directed  to  a 
pit  for  treatment  prior  to  discharge  to  land  applica- 
tion .  The  operator  is  subject  to  assessment  for  the 
value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     February  25,   19  82 

ENVIRONMENTAL  DAMAGE: 

Leaching  of  oil  into  a  surface  stream. 

OIL  AND  GAS  OPERATION: 

Leaching  of  oil  from  a  reclaimed  drilling  pit  associ- 
ated with  a  gas  well. 


ENFORCEMENT  ACTION  TAKEN : 

Remedial  action  imposed  under  the  direction  of  the  U.S. 
Forest  Service, 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Stream  discharges  of  oil  prohibited  under  current 
statutes  f  regulation,,  and  permits .  Operator  subject  to 
assessment  for  the  value  of  fish  kill.  Regulations  and 
permits  specify  the  manner  in  which  pits  are  reclaimed 
and  require  oil  to  be  removed  from  the  surface  of  pits 
prior  to  discharge . 
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WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE  %     March  12,   19  82 


ENVIRONMENTAL  DAMAGE: 

Discharge  to  surface  stream  resulting  in  2  dead  cattle. 
The  DNR  complaint  form  does  not  establish  a  cause  or 
connection  between  the  death  of  the  cattle  and  the 
discharge  alleged. 


OIL  AND  GAS  OPERATION: 

Discharge  from  a  pit  containing  well  fracturing  fluid. 


ENFORCEMENT  ACTION  TAKEN: 

Legal  action  anticipated, 

CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 


Stream  discharges  of  this  type  prohibited  by  current 
statute ,   regulation  and  permit . 


•-T/T3 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION   OF  WATER  RESOURCES 
COMPLAINT 


DATE:     August  20,    19  82 


ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 


m 


OIL  AND  GAS  OPERATION : 

Discharge  from  a  drilling  pit  and  discharge  from  a  tank 
containing  stimulation  fluids  brought  to  the  surface  as 
the  result  of  swabbing  operations. 


1 


ENFORCEMENT  ACTION  TAKEN: 

.   Criminal  charges  filed  for  causing  pollution. 


1 
1 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Stream  discharges  of  this  kind  prohibited  by  current 
statute  ,  regulation  and  permit .  All  frac  water  is 
required  by  current  regulation  and  permit  to  be  direct- 
ed to  a  pit  for  treatment  prior  to  disposal  by  land 
application .  Operator  subject  to  assessment  for 
replacement  value  of  fish  killed. 


1 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     January  <5 ,   19  83 


ENVIRONMENTAL  DAMAGE i 

Dischcirge  to  a  surface  stream  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION: 

Discharge  of  produced  water  from  an  oil  storage  tank. 


ENFORCEMENT  ACTION  TAKEN: 
None  indicated. 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 

Stream  discharges  of  this  kind  prohibited  by  current 
statute  f.  regulation  and  permit .  4  0  C.F.R.  Part  112 
requires  that  tanks  of  certain  size  be  diked .  Operator 
subject  to  assessment  for  the  value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


1,  DATE ;     June  8,    19  83 

2,  ENVIRONMENTAL  DAMAGE: 

Stream  discharge  resulting  in  fish  kill. 
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3.       OIL  AND  GAS  OPERATION: 

Contents  of  drilling  pit  discharged  when  bulldozer 
operator  filled-in  two  drilling  pits  as  part  of  recla- 
mation . 


4*       ENFORCEMENT  ACTION  TAKEN: 

Three  criminal  warrants  were  issued  for  failure  to 
maintain  adequate  freeboard,  failure  to  report  a  spill, 
and  discharging  a  material  harmful  to  aquatic  life . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS; 


Such  discharges  are  prohibited  by  current  statute , 
regulation  and  permit.  As  part  of  pit  reclamation 
requirements ,  current  regulation  and  permit  require  all 
fluids  to  be  discharged  prior  to  backfilling  of  the 
pit  s  Operator  subject  to  assessment  for  the  value  of 
fish  killed . 
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WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE i     September  13,   198  3 


ENVIRONMENTAL  DAMAGE: 

Discharge  to  surface  stream  resulting  in  fish  kill. 


OIL  AND  GAS  OPERATION: 

Leak  of  drilling  fluids  from  a  drilling  pit  inappro- 
priately constructed. 


ENFORCEMENT  ACTION  TAKEN  j 

Criminal  warrants  issued  for  leakage  from  the  pit  and 
operator  assessed  the  value  of  fish  killed , 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS  % 

Stream  discharges  of  this  type  prohibited  by  current 
statute ,  regulation  and  permit ,  Operator  subject  to 
assessment  for  value  of  fish  killed .  Regulations  and 
permits  require  pits  to  be  constructed  so  as  not  to 
leak  . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE;     February  28,  198  4 

ENVIRONMENTAL  DAMAGE: 

Discharge  to  surface  stream  resulting  in  fish  kill. 

OIL  AND  GAS  OPERATION : 

Ruptured  dike  wall  associated  with  a  drilling  pit 
causing  stream  discharge. 

ENFORCEMENT  ACTION  TAKEN: 

Criminal  prosecution  contemplated. 

CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 

Stream  discharges  of  this  type  prohibited  by  current 
statute ,  regulation  and  permit .  Regulations  and. 
permits  require  pits  to  be  constructed  in  a  manner  to 
assure  their  integrity  nnerator  subject  to  assessment 
for  the  value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE :     June  8,    19  84 


ENVIRONMENTAL  DAMAGE  s 


Discharge  into  the  ground  and  into  a  surface  stream 
used  as  a  water  supply.  Some  dead  vegetation  noted  but 
no  fish  kill  apparent. 


OIL  AND  GAS  OPERATION: 

Drilling  fluids  escaped  into  the  groundwater  from  a 
drilling  pit  being  managed  by  an  operator  in  connection 
with  an  experimental  regulatory  program  developed  by 
the  Department  of  Natural  Resources, 


ENFORCEMENT  ACTION  TAKEN i 

Enforcement  action  not  anticipated  due  to  circum- 
stantial nature  of  evidence . 


CURRENT  APPLICABLE  REGULATORY  REQUIREME    TS : 

Discharges  of  this  type  prohibited  by  current  statute , 
regulation  and  permit .  Current  egulations  and  general 
permit  specifies  a  comprehensive  program  for  the 
treatment,  discharge  and  reclamation  of  drilling  pits . 
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WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     June  25,    19  84 


ENVIRONMENTAL  DAMAGE: 

Oil  on  ground  and  seeping  from  small  pit. 


OIL  AND  GAS  OPERATION: 

Discharge  of  oil  brought  to  the  surface  in  the  course 
of  plugging  an  abandoned  well  under  contract  with  the 
West  Virginia  Department  of  Mines. 

Note:  This  case  does  not  appear  to  be  related  to  the 
exploration,  development,  or  production  of  oil  and  gas. 


ENFORCEMENT  ACTION  TAKEN  j 

None  contemplated  inasmuch  as  there  was  no  discharge  to 
waters  of  the  state . 


CURRENT  APPLICABLE  REGULATORY   REQUIREMENTS : 


Discharges  to  groundwater  are  prohibited  by 
statute  unless  authorized  by  permit . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     July  14,  1984 


ENVIRONMENTAL  DAMAGE: 


Contamination  of  a  spring  as  a  result  of  oil  contamina- 
tion of  groundwater. 


OIL  AND  GAS  OPERATION :  v 

Investigation  report  identifies*  possible  sources  for 
the  oil  as  being  well  blowout,  or  faulty  casing,  or  oil 
from  old  pits.  The  report  also  raised  questions  about 
whether  the  oil  might  be  coming  from  abandoned  wells 
located  nearby.  The  report  appears  to  be  inconclusive 
as  to  the  source  of  the  oil. 


ENFORCEMENT  ACTION  TAKEN : 
None  indicated . 

CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 


Current  statutes ,  regulations  and  permits  prohibit  the 
discharge  of  oil  to  groundwater  or  to  surface  streams . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


1.       DATE:     September  18,  1984 


2.       ENVIRONMENTAL  DAMAGE  s 

Discharge  to  surface  water  resulting  in  fish  kill. 


3.       OIL  AND  GAS  OPERATION: 

Seeping  of  the  contents  of  a  drilling  pit  into  a  farm 
pond , 


4.       ENFORCEMENT  ACTION  TAKEN: 

Criminal  action  contemplated. 


5.       CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS: 

Discharges  of  pits  into  surface  streams  prohibited  by 
current  statutes ,  regulations  and  permits .  Regulations 
and  permits  require  drilling  pits  to  be  constructed  so 
as  not  to  leak.  Operator  subject  to  assessment  for  the 
value  of  fish  killed . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE :     January  17,   19  85 


ENVIRONMENTAL  DAMAGE : 

Last  of  4  complaints  (the  others  occurring  on  Septem- 
ber 13,  1984,  February  24,  1981  and  November  17,  1980) 
by  the  same  landowner  complaining  about  adverse  effects 
on  cattle  as  a  result  of  unidentified  oil  and  gas  well 
operation.  It  is  apparent  from  a  review  of  the  com- 
plaint form  that  there  was  little  evidence  to  substan- 
tiate these  complaints. 


OIL  AND  GAS  OPERATION i 
Unspecified . 


ENFORCEMENT  ACTION  TAKEN  t 

None  taken . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS? 

Stream  discharges  are  prohibited  under  current  stat- 
utes ,  regulations  and  programs „  An  operator  is  ob- 
ligated to  reclaim  a  pit  within  6  months  after  com- 
pletion of  drilling  operations . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION   OF  WATER  RESOURCES 
COMPLAINT 


DATE  j     March  7,    198  5 

ENVIRONMENTAL  DAMAGE: 

Soapy  water  present  in  a  surface  stream, 

OIL  AND  GAS  OPERATION: 

Complaint  assumed  that  problem  was  resulting  from 
surface  runoff  from  a  gas  well  or  oil  storage  tank 
area . 


ENFORCEMENT  ACTION  TAKEN: 

No  enforcement  action  taken ,  however,,  operator  was 
requested  to  undertake  remedial  steps  to  minimize 
runoff. 


CURRENT  APPLICABLE  REGULATORY   REQUIREMENTS : 

Stream  discharge  of  this  type  prohibited  by  current 
statute ,  regulations  and  permit .  At  time  of  reclama- 
tion ,  operator  is  obligated  to  reclaim  pits  in  accor- 
dance with  regulations  and  permits  -of  the  Department  of 
Energy". 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE •     March  18,    19  85 


ENVIRONMENTAL  DAMAGE: 

Dead  cattle  from  drinking  drilling  pit  water, 


OIL  AND  GAS  OPERATION: 

Operator  was  maintaining  a  drilling  pit  associated  with 
the  drilling  of  a  gas  well.  These  activities  were 
being  undertaken  in  accordance  with  the  experimental 
development  of  a  general  permit  for  drilling  pit 
discharges ♦ 


ENFORCEMENT  ACTION  TAKEN : 

Agency  contemplated  enforcement  action  for  discharging 
material  from  the  pit  into  a  surface  stream . 


CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS : 

Such  discharges  to  surface  streams  are  prohibited  by 
current  statute ,  regulation  and  permit .  Under  current 
general  permit ,  operators  are  required  to  fence  all 
drilling  pits  as  necessary  to  prevent  animals  from 
entering  the  drilling  pit .  The  facts  surrounding  this 
complaint  do  not  appear  to  be  related  to  surface  runoff 
or  leachate, 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE  i 


July  4-11,  1985 
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2.       ENVIRONMENTAL  DAMAGE : 


Three  dead  cattle  after  drinking  water  from  a  spring 
near  a  gas  well . 


3.       OIL  AND  GAS  OPERATION: 

While  a  gas  well  was  located  nearby  the  spring  where 
the  cattle  died,  there  was  no  substantiation  that 
discharge  from  the  well  resulted  in  the  death  of  the 
animal s . 


4.        ENFORCEMENT  ACTION  TAKEN : 


None  indicated . 


5  o        CURRENT  APPLICABLE  REGULATORY  REQUIREMENTS  % 

Discharges  of  produced  fluid  to  surface  water  is 
prohibited  under  current  statute ,  regulation  and 
permit . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     April   4,    19  86 


ENVIRONMENTAL  DAMAGE : 

Three  dead  cattle  as  a' result  of  drinking  water  direct- 
ly from  a  drilling  pit. 


OIL  AND  GAS  OPERATION; 

Operator  maintaining  drilling  pits  in  good  condition 
Tj»ursuant  to  the  current  general  permit  for  drilling 
fluids  in  West  Virginia . 

Note:  The  facts  surrounding  this  complaint  do  not 
appear  to  be  related  to  surface  runoff  or  leachate. 


ENFORCEMENT  ACTION  TAKEN: 
None  indicated , 


CURRENT  P.  >PLICABLE  REGULATORY  REQUIREMENTS; 


Operator  is  required  under  existing  general  permit  to 
fence  drilling  pits  as  necessary  to  keep  animals  from 
entering  those  pits . 


WEST  VIRGINIA  DEPARTMENT  OF  NATURAL  RESOURCES 
DIVISION  OF  WATER  RESOURCES 
COMPLAINT 


DATE:     June  13,  1986 


ENVIRONMENTAL  DAMAGE ; 


Vegetation  killed  as  a  result  of  land  application  of 
pit  contents. 


OIL  AND  GAS  OPERATION: 

Land  application  of  pit  contents  pursuant  to  general 
permit . 


ENFORCEMENT  ACTION  TAKEN: 

No  criminal  penalties  were  sought,  however,  the  opera- 
tor was  requested  to  take  remedial  action  by  fertiliz- 
ing and  liming  the  affected  area .  DNR  reports  that  the 
vegetation  has  fully  recovered  as  a  result  of  remedial 
act  ion , 


CURRENT  APPLICABLE  REGULATORY   REQUIREMENTS  % 

Current  general  permit  places  limitations  on  the 
concentration  of  pollutants  that  can  be  discharged 
through  a  land  application  disposal  technique .  These 
parameters  are  being  reviewed  in  the  context  of  the 
reissuance  of  the  general  permit  and  adjustments  to 
these  conditions  are  expected  either  to  reduce  the 
overall  chloride  concentration  that  will  be  allowable 
under  the  permit  or  to  establish  a  total  loading  of 
chloride  that  wi  11  be  permitted  to  an  acre  of  land . 
Discharges  in  excess  of  these  limits  are  subject  to 
enforcement  action . 
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SUMMARY  OF  COMMENTS  OF 
THE  AMERICAN  PETROLEUM  INSTITUTE 
ON  THE 

U.S.  ENVIRONMENTAL  PROTECTION  AGENCY'S 
"WASTES  FROM  THE  EXPLORATION,  DEVELOPMENT  AND  PRODUCTION 
OF  CRUDE  OIL,  NATURAL  GAS  AND  GEOTHERMAL  ENERGY" 
Interim  Report;    April  30,1987 


The  American  Petroleum  Institute  (API)  appreciates  the  opportunity 
to  submit  comments  on  the  Interim  Report  of  the  Environmental 
Protection  Agency  (EPA)  addressing  the  wastes ,  management  practices , 
and  regulatory  programs  associated  with  the  exploration  for  and 
production  of  oil  and  gas.    The  report,  mandated  under  Section  800 2 (m) 
of  the  Resource  Conservation  and  Recovery  Act  (RCRA),  is  a  substantial 
undertaking  in  terms  of  scope,  content  and  Importance. 

There  are  i.25  million  production  aites  in  the  United  States  made 
up  of  approximately  842,000  oil  and  gas  wells,  210,000  tank  batteries, 
163,000  injection  wells  and  13,000  water  stations  located  in  33 
etates.    The  oil  and  gas  wells  produce  8*4  million  barrels  o£  crude 
oil  and  44  billion  cubic  feet  or  natural  gas  daily.    The  industry 
complies,  on  a  daily  basis,  with  both  state  and  federal  regulations 
designed  to  address  the  proper  handling  and  discharge  of  wastes 
generated  during  drilling  and  production  operations. 

The  industry  is  firmly  committed  to  assisting  EPA  in  its  efforts 
to  insure  that  the  final  report  is  factual  and  contains  the  best 
possible  data  from  which  sound  conclusions  may  be  drawn. 

The  extremely  short  review  period  has  limited  API's  ability  to 
investigate  some  aspects  of  the  Interim  Report.    However,  the  attached 
submission  provides  the  industry's  comments  on  a  chapter-by-chapter 
basis. 

API  will  continue  to  develop  pertinent  information  for  EPA's  uae 
in  revising  and  finalizing  this  important  study.    The  following 
summary  highlights  API's  major  concerns  with  Its  Interim  Report. 

CHAPTER  I  —  Overview  of  the  Oil  and  Gas  Industry 

In  Chapter  1,  EPA's  contractor  has  produced  a  reasonably  accurate 
assessment  of  oil  and  gas  operations.    A  large  number  of  API's 
comments  on  the  October  31,  1986  technical  report  have  been  included 
In  the  Interim  Report  to  produce  a  more  credible  analysis  of  the 
industry's  drilling  and  production  activities.    Nonetheless,  there  are 
a  number  of  significant  changes  and  additions  to  Chapter  I  which  still 
need  to  be  made.    These  revisions  are  addressed  in  detail  in 
Attachment  L  of  the  API  comments,  however  several  major  issues  deserve 
comment  in  this  summary. 
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First,  ati  accurate  estimation  o£  drilling  fluid  volumes  is  crucial 
to  the  credibility  of  this  study.    This  estimate  will  directly  affect 
both  the  expected  volume  of  waste  (including  the  volume  of 
coat  ami  nan  ts  in  the  waste),  the  risk  assessments  and  the  economic 
impact  calculated  for  current  and  alternative  waste  management 
practices  in  Chapters  4,  5,  and  6. 

APIffl  review  of  Chapter  1  discloses  that  the  report  has  overstated 
drilling  fluid  volumes  by  a  factor  of  seven,  when  EPA' a  contractor 
estimates  are  compared  to  data  gathered  by  API  in  1986  as  a  part  of  an 
extensive  industry  survey.    The  contractor  based  its  estimates  on  a 
limited  number  of  pit  sizes  of  a  typical  dimensions.    On  page  1-33, 
the  report  etateB  "Currently,  the  API  data  are  not  available  to  the 
agency  for  evaluation".    Data  to  substantiate  API's  conclusion  were 
furnished  to  EPA  on  April  15,  1987.    Details  are  contained  in 
Attachment  1. 

Second,  although  Chapter  1  recognizes  that  the  injection  of 
produced  water  is  a  standard  practice  in  the  oil  industry,  it  contains 
several  inaccuracies  in  its  characterization  of  these  fluids. 
Produced  water  volumes  used  in  additional  recovery  operations  are  a 
necessary  part  of  oil  recovery  process  and  are  not  discarded  as 
'•waste".    These  volumes  should  not  be  Included  when  performing  the 
evaluations  discussed  in  Chapters  4,  5,  and  6.    It  should  be  noted 
that  the  injection  of  produced  water  for  secondary  oil  recovery  as 
well  as  water  disposal  is  regulated  by  both  ststes  and  EPA  in 
accordance  with  the  provisions  of  the  underground  injection  control 
(UIC)  program  of  the  Safe  Drinking  Water  Act. 

CHAPTER  Z  — Current  and  Alternative  Practices 

The  stated  intent  of  Chapter  2  of  the  report  is  to  address  the 
current  and  alternative  waste  management  practices  of  the  oil  and  gas 
industry,  as  prescribed  in  RCRA  Section  8002(m).    The  introductory 
section  of  the  chapter  properly  recognizes  two  important 
considerations ,    First,  11  lv  Jirtually  every  waste  management  practice 
that  exists  can  be  considered  current  in  one  specific  situation  ... 
[and]  practices  that  are  routine  in  one  location  may  be  considered 
innovstive  or  alternative  elsewhere  ».."  (p.  2).    Second,  tho  report 
states  that  the  federal  and  state  regulation  of  waste  management 
should  reflect  physical  and  geological  variations  among  different 
regions  of  the  nation.    However,  rather  than  incorporating  these  two 
considerations  in  the  analyais  of  waste  management  practices,  the  bulk 
of  the  chapter  is  devoted  to  a  criticism  of  state  and  federal  programs 
for  a  lack  of  uniformity  of  requirements  and  an  implicit  endorsement 
of  particular  alternative  methods  of  waste  management,  such  as  closed 
loop  mud  management  systems  or  centralized  commercial  disposal 
facilities.    A  fundamental  weakness  of  the  entire  chapter  ia  a  lack  of 
support  for  the  conclusions  advanced.    Detailed  information  on  API's 
comments  is  contained  in  Attachment  No.  2. 

For  example,  the  advantages  and  disadvantages  of  various  disposal 
methods  are  expressed  in  very  general  terms.    There  is  little 
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technical  discussion  of  how  each  method  may  or  may  not  be  appropriate 
for  specific  types  of  physical  and  geological  conditions.    Instead  of 
a  range  of  conditions  being  addressed*  the  analysis  tends  to  center  on 
the  effectiveness  of  a  particular  management  practice  to  handle 
worst-case,  hypothetical  conditions.    Accordingly,  the  chapter 
provides  little  practical  guidance  in  the  determination  of  appropriate 
waste  management  for  specific  locations. 

In  part,  the  conclusions  of  the  Chapter  may  be  attributable  to  an 
implicit  assumption  that  drilling  fluids  and  produced  waters  are 
"hazardous  wastes".    Certainly  it  is  premature  for  EPA  to  draw  a 
conclusion  that  these  wastes  Bhould  be  referred  to  as  hazardous.  For 
'example,  statements  in  the  Chapter  suggest  drilling  fluids  are 
"hazardous"  because  they  contain  additives  or  constituents  which  may 
be  contained  on  lists  and  Appendices  in  40  C,F,R.  Part  261  of  the  RCRA 
Subtitle  C  regulations.    Such  statements,  though,  misconstrue  the 
entire  thrust  of  the  RCRA  Subtitle  C  program,  because  the  mere 
presence  of  a  "hazardous  constituent"  does  not  render  a  particular 
waste  as  "hazardous  waste*1  unless  it:    (I)  causes  the  waste  to  fail 
the  RCRA  characteristic  tests,  such  as  the  extractive  procedure  (EP) 
toxicity  characteristic  or  (2)  appears  in  the  waste  due  to  the  mixing 
of  listed  waste  materials  (Ff  U,  P  or  K  lists)  with  the  waste 
material*    Moreover,  the  report  is  misleading  in  its  discussion  of  the 
additives  of  drilling  muds,  because  these  chemicals  are  part  of  a 
commercial  product,  not  a  waste,  and  in  many  instances,  will  either  be 
chemically  altered  during  their  use  in  the  drilling  fluid  or  will  not 
be  released  into  the  environment  In  the  form  of  a  listed  "hazardous 
constituent".    Further,  it  should  be  understood  such  additives  are  not 
present  in  all  mud  systems  at  all  times. 

The  chapter  also  strongly  criticizes  existing  regulatory  programs 
such  as  those  adopted  pursuant  to  the  Clean  Hater  Act  (CUA)  and  Safe 
Drinking  Water  Act*    Many  statements  suggest  a  lack  of  understanding 
of  the  National  Pollution  Discharge  Elimination  SyBtem  (NPDES)  and 
Underground  Injection  Control  (UIC)  programs,     In  particular,  the 
CWATs  NPDES  program  is  criticized  for  states  issuing  permits.  The 
report  should  recognize  that  states  issue  interim  permits  because-  of 
EPA's  failure  to  act.    For  balance,  it  should  address  the  potentially 
harmful  impacts  that  could  occur  if  the  states  did  not  require  interim 
permits.    The  discussion  of  the  beneficial  use  provisions  of  the  NPDES 
program  is  also  conclusory  and  subjective.    The  statement  that  "it  is 
rare  that  produced  waters  have  low  enough  chloride  levels  (<  500  ppm) 
to  be  used  directly  for  beneficial  purposes"  is  simply  too  broad  to  be 
accurate.    Many  wells  produce  water  with  chloride  levels  that  are  leas 
than  500  ppm  and  many  types  of  livestock  can  safely  drink  water  with 
chloride  content  in  excess  of  1000  ppm.      In  fact,  In  certain  arid 
parts  of  the  country,  landowners  are  dependent  upon  these  produced 
waters  for  their  main  source  of  livestock  water. 

The  chapter  criticizes  the  UIC  program,  but  again  little  factual 
evidence  la  cited.    The  clear  aasumption  cunning  throughout  the 
critique  is  that  a  lack  of  uniformity  among  State  requirements  is  a 
shortcoming  of  the  program,    The  benefit  of  "uniformity"  is  merely 
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presumed  rather  than  proven.    In  addition,  there  ia  no  evaluation  of 
the  actual  reasons  for  and  possible  benefits  of  the  differentiation  of 
requirements  among  the  States.    Section  1421  of  the  Safe  Drinking 
Water  Act  mandates  the  consideration  of  local  geological »  hydrological 
and  other  physical  factors  in  prescribing  U1C  requirements.  This 
atatutory  requirement,  ia  not  mentioned  in  the  report.  Instead, 
instances  where  the  program  allows  flexibility  in  prescribing 
particular  requirements  are  presented  as  if  they  represent 
"loopholes".    The  report  also  fails  to  recognize  that  these  provisions 
are  only  available  when  the  particular  practice  does  not  endanger 
underground  sources  of  drinking  water. 

Overall,  Chapter  2  creates  the  erroneous  impression  that  the  NPDES 
and  UIC  programs  are  principally  "state"  programs  and  that  any 
perceived  problems  are  the  result  of  state  action  or  inaction*  In 
fact,  these  programs  are  federal  programs,  administered  by  EPA.  In 
certain  producing  states,  EPA  regional  offices  directly  Implement  and 
enforce  the  programs.    There  are  also  provisions  in  both  statutes, 
allowing  EPA  to  take  over  administration  of  inappropriately 
administered  state  programs.    Finally,  EPA  can  directly  enforce 
federal  and  state  requirements  without  prior  state  approval. 

The  programs  promulgated  to  implement  the  Clean  Water  Act  and  Safe 
Drinking  Water  Act  have,  on  the  basis  of  practical  experience* 
undergone  substantial  revision  and  represent  major  initiatives  to 
protect  human  health  and  the  environment.    The  effectiveness  of  their 
requirements  was  not  the  focua  of  Congreee  in  adopting  RCRA  Section 
8G02(m).    Nor  should  these  programs  be  criticized  on  the  basis  of 
speculative  innuendo.    Chapter  2  provides  no  factual  basis  to  support 
its  numerous  allegations  of  program  ineffectiveness,    This  chapter 
requires  substantial  revision  to  ensure  its  objectivity. 

Chapter  3  —  Oil  and  Caa  Damage  Cases 

EPA  is  mandated  by  Congress  to  identify  any  examples  of  practices 
that  have  caused  environmental  or  health  damages,    API  has  done  an 
extensive  review  and  analysis  of  Chapter  3  and  Appendix  C  that 
contains  228  alleged  damage  cases  which  the  contractor  has.  indicated 
passed  its  "test  of  proof".    Shortly  sfter  receiving  copies  of  the 
alleged  damage  cases,  API  prepared  an  analysis  of  the  case  summaries 
to  determine  whether,  "on  their  face",  they  identified  legitimate 
concerns.    This  analysis  that  indicated  major  flaws  in  methodology  and 
factual  content  was  provided  to  EPA  on  Hay  7 t  1987. 

Thereafter,  a  significant  number  of  the  cases  were  reviewed  in 
great  detail  by  experienced  industry  technical  and/or  regulatory 
personnel*    The  documentation  cited  by  EPA's  contractor  was  consulted, 
files  of  regulatory  agencies  were  examined  and,  importantly,  patties 
(including  the  operator)  involved  in  many  of  the  cases  were  contacted 
to  obtain  their  account  of  the  alleged  damage  cases. 
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API's  overall  conclusions  based  upon  this  thorough  review  of 
Chapter  3  of  the  Interim  Report  and  the  228  alleged  damage  cases  are 
as  follows: 

(1)  The  broad  conclusions  contained  in  Chapter  3  are  not 
factually  supported, 

(2)  EPA's  contractor  did  not  conduct  a  thorough  review  of  the 
alleged  damage  cases.    This  is  evident  by  the  numerous 
factual  errors,  and  by  the  sweeping,  remarks  made  with 
respect  to  the  state  agencies  in  the  summaries  (e,g.  see 
Damage  Cases  TX  25  and  29  in  Attachment  8). 

(3)  Even  taking  the  reported  damage  case  summaries  "at  face 
value",  very  few,  of  the  alleged  damage  cases  would  arguably 
support  the  need  for  incremental  federal  regulation.  Indeed, 
when  the  228  damage  cases  covering  many  years  of  operations 
in  13  states  which  account  for  approximately  1  million  of  the 
1,25  million  production  sites  in  the  nation,  there  is  -clearly 
little  evidence  of  environmental  damage  associated  with  oil' 
and  gas  operations.  ,     .      ;  * 

The  moot  significant  result  of  API's  detailed  analysis  of  220   .  - 
alleged  damage  cases  contained  in  Appendix  C  ia  the  fact  that  224 
clearly  do  not  provide  any  basis  for  additional  regulation  since  they 
involve;  .non-RCRA  issues;  non-current  practices;  violations  o£  , 
existing  regulations;  unsubstantiated  damage  or  cause  of  "damage";  or 
pending  cases*    Regulations  are  either  being  developed  or  are  under 
consideration  for  the  remaining  four  cases.    The  following  table 
indicates  for  these  five  categories,  the  number  of  cases  which  are  not 
relevant  to  the  need  for  additional  federal  regulation: 

Category*  Number  of  Cases** 

Non-RCRA  Issues  (e*g.  production  45 
practices,  erosion,  oil 
spills  and  NPDES  discharges 
exempt  under  RCRA) 

Non-Current  Practices  67 

Violations  of  Current  Regulations  136 

Unsubstantiated  Cause/ Damage  *.     *|  91 

Pending  Cases  18 


*      Attachment  No.  3  describes  the  various  categories  which  API  feels 
are  clearly  not  relevant  to  this  atudy  and  reasons  for  those 
conclusions . 

**    Several  of  the  224  esses  fall  into  more  than  one  category,  e.g.  it 
may  be  a  non-current  practice  and  a  violation.    Consequently,  the 
table  when  added,  will  exceed  224. 
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In  particular,  it  should  be  noted  that  even  when  the  damage  case 
summaries  indicate  that  an  operator  had  been  in  violation  of  current 
regulations,  there  were  administrative  or  enforcement  actione  by  the 
atate  regulatory  agency  in  L26  of  the  136  cases.    This  clearly  refutes 
the  allegations  in  Chapter  3  that  state  oil  and  gas  agencies  have  been 
deficient  in  their  enforcement  responsibility.     It  also  reflects  the 
lack  of  thoroughness  in  the  preparation  of  the  damage  case  summaries, 
since  the  contractor  failed  to  find  or  disclose  a  substantial  number 
of  the  administrative  and  enforcement  actions  by  the  state  agencies. 
For  example,  EPA  damage  cases  for  Louisiana  identified  only  12 
administrative/enforcement  actions  whereas  API's  review  documented  36. 

One  other  observation  is  pertinent*    It  is  clear  from  reading  the 
228  alleged  damage  caee  summaries  that  EPA's  contractor  was  careless 
in  its  investigation  and  presentation  of  this  material.    API  has  been 
unable  to  find  a  single  case  where  EPA' a  contractor  contacted  the 
operator  involved  to  determine  their  side  of  the  story.    It  is  also 
evident  that  EPA's  contractor  failed  to  adequately  consult  with  state 
regulatory  agencies  -  which  would  have  the  most  aignif leant  amount  of 
information  about  many  cases.    API's  analysis  indicated  that  most  case 
Bummariea  are  seriously  inaccurate. 

Accordingly,  there  is  no  basia  for  the  following  conclusions  cited 
in  Chapter  3  of  the  report t 

1)  "Health  and  environmental  damage 9  caused  by  oil  and  gas 
operations  appear  to  be  significant,  widespread,  and  in  need  of 
correction" .  (p.  8)    As  discussed  herein*  a  careful  review  of  the 
damage  cases  belles  this  unsupported  conclusion. 

2)  "There  la  convincing  circumstantial  evidence  that  serious 
health  effects,  such  as  cancer  and  other  fatal  diseases,  hove  been 
caused  or  are  potentially  caused  by  oil  and  gas  activities."  (p.  8) 
The  evidentiary  support  for  this  serious  allegation  is  wholly  lacking 
in  the  damage  cases.    There  are  very  few  caaes  that  even  address 
possible  human  health  effects.    Moreover,  In  one  damage  case 

(LA  68)  which  reports  allegations  of  cancer*  heart  problems*  and  other 
health  effects  resulting  from  oil  and  gas  operations,  the  EPA 
contractor  states:  "case  settled  out  of  court  for  an  undisclosed  sum". 
API* 3  investigation  of  the  case  discloses  that  a  federal  district 
court  found  for  the  defendant  oil  company  by  granting  a  summary 
judgement  in  the  action  and  also  ordered  the  plaintiff  to  pay  court 
costs.    Neither  the  report  nor  the  damage  caaes  contain  any  evidence 
which  could  even  loosely  be  termed  as  "circumstantial"  with  regard  to 
health  effects  associated  with  oil  and  gas  activities.    Instead,  the 
report  engages  in  unsupported  speculation  about  the  reasons  for  the 
lack  of  identified  health  effects.    Clearly,  the  report  has  failed  to 
identify  "documented  damage  cases  that  prove  or  have  cauaed..." 

3)  "Damages  are  caused  by  non  hazardous  as  well  as  hazardous 
substances."  (p.  9)    The  contention  that  drilling  muds  are  "hazardous" 
is  based  principally  upon  a  list  of  possible  additives.    As  discussed 
earlier,  the  mere  presence  of  a  "hazardous  constituent"  in  a  waste, 
much  less  a  product,  cannot  support  a  conclusion  that  a  material  is 
"hazardous  waste".    The  results  of  che  API  field  sampling  program  and 
the  chemical  changes  which  occur  during  the  use  of  the  fluids  indicate 
these  materials  are  not  hazardous  if  properly  managed.    The  part  of 
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this  conclusion  associated  with  "non-hazardous"  substances  la  related 
to  the  fact  that  produced  water  contains  salts  chat  if  improperly 
managed  cause  damage.    Thia  fact  has  long  been  recognized  and  is  one 
of  the  reason  produced  waters  are  managed  and  disposed  of  in 
accordance  with  numerous  state  and  EPA  regulations. 

4)  "Past  practices  can  both  cause  and  contribute  to  current 
damages,"  (p.  10)    Thia  conclusion  ie  not  supported  by  the  damage 
cases.    In  addition,  it  violates  the  atated  objective  of  the  Chapter 
to  address  current  practices  and  not  to  determine  if  new  regulations 
are  required  to  correct  past  practices,  which  if  used  today  would 
violate  current  atate  and  federal  regulation. 

5)  "State  standarda  vary  widely  in  scope  and  content."  (p.  LI) 
It  ia  true  that  atate  standards  vary  widely  in  scope  and  content. 
This  reflects  the  influence  of  different  geography  and  geology  on 
production  operations  aa  well  as  differing  environmental  protection 
needs*    Both  EPA  and  state  regulations  governing  NPDES  permitted 
discharges  recognize  the  need  for  the  variance  in  standards.  Neither 
Chapter  2  nor  Chapter  3  demonstrate  that  there  is  any  reason  to 
believe  that  environmental  risks  are  increased  when  state  standards 
vary.    Indeed,  Chapter  2  recognizes  the  need  for  variation.  In 
addition,  it  should  be  noted  that  this  conclusion  was  reached  before 
Chapter  7,  "Summary  of  State  and  Federal  Regulations,"  was  available. 

6)  "Implementation  and  enforcement  of  state  requirements  is 
seriously  deficient."  (p.  12)    API's  review  indicates  that  of  the  136 
cases  which  were  violations  of  state  and  federal  regulations  there 
were  126  administrative  or  enforcement  actions.    The  high  number  of 
such  actions  indicates  that  states  have  effective  regulatory  programs 
with  good  enforcement  records* 

7)  "State  regulatory  programs  are,  as  a  rule,  seriously  under 
funded  and  understaffed."  (p.  12)    The  high  number  and  ratio  of 
administrative  and  enforcement  actions  relative  to  damage  cases  doea 
not  support  this  conclusion.    Also  a  large  part  of  the  regulatory 
program  dealing  with  the  largest  waste  volume  (produced  water)  Is 
funded  primarily  by  EPA  through  the  UIC  program,  and  administered  by 
the  EPA1  s  Office  of  Safe  Drinking  Water.    EPA  has  the  authority  to 
fund  solid  waste  management  programs  administered  by  states,  as  they 
may  pertain  to  oil  and  gas  wastes,  under  Subtitle  D  of  RCRA. 
Consequently,  API  would  suggest  that  if  EPA  believes  that  state 
programs  are  "seriously  underfunded  and  understaffed"  that  EPA  should 
take  appropriate  action  under  its  existing  programs .  Additional 
regulatory  requirements  will  not  solve,  and  may  aggravate,  thia 
perceived  problem, 

8)  "Many  State  regulatory  agencies  face  conflicting  incentives 
and  responaibilities."  (p.  IT)    Thia  conclusion  argues  that  revenues 
for  regulatory  agencies  come  from  direct  or  indirect  taxes  on 
petroleum  operations  that  create  an  inherent  conflict  of  interest. 
Supporting  information  is  not  included  in  the  damage  cases. 
Generally,  agency  budgets  are  set  by  state  legislatures  or  funded  by 
the  EPA. 

9)  "In  some  States,  economic  reliance  on  oil  industry  revenues 
increases  public  tolerance  of  environmental  damages."  (p. 13)  This 
conclusion  argues  that  citizens  may  he  discouraged  from  complaining 
about  damages  out  of  cynicism  or  fear  of  job  reprisals.  Supporting 
information  for  this  conclusion  is  not  contained  in  the  damage  cases. 


Attached  are  the  following  additional  API  documents  addressing 
Chapter  3  and  the  22B  alleged  damage  cases  contained  in  Appendix  C  of 
the  Interim  Report: 

(1)  API's  overall  damage  case  summary  (Attachment  4). 

(2)  An  extensive  API  summary  of  the  228  alleged  damage  cases 
based  upon  API's  detailed  review  of  the  damage  cases 
(Attachment  5), 

(3)  An  extensive  API  summary  of  the  228  cases  baaed  upon  API's 
"face  value"  review  of  the  damage  case  summaries  (Attachment 
6).    These  data  were  submitted  to  EPA  on  May  7,  1987. 

(4)  API's  comments  on  the  zone  by  zone  conclusions  contained  in 
Chapter  3  (Attachment  7). 

(5)  API's  detailed  corrections  to  the  damage  cases  summaries 
(with  additional  documentation  where  appropriate)  based  upon 
API* a  detailed  review  thsreof  (Attachment  8). 

(6)  A  summary  of  some  of  the  mora  significant  examples 
Illustrating  that  EPA's  contractor  did  not  perform  a  thorough, 

'V  and  accurate  review  of  the  damage  cases  (Accachmsnt  9). 


CHAPTER  4  —  Human  Health' and  Environmental 
.  "  Health  Kiak  Assessment 

In  developing  the  scope  for  its  study  of  risk,  EPA  has  properly 
focused  on  waate  .management  activities  and  the  issue  of  the  RCRA 
exemption  for  exploration  and  production  wastes.      In  addition,  EPA 
has  focused  on  the  more  common  types  of  wastes  and  waste  management 
practices,  particularly  in  the  case  of  drilling  fluid  wastes.  This 
framework  will  allow  the  Agency  to  address  the  issue  of  whether  it  is 
necessary  to  extend  Che  RCRA  regulations  to  exploration  and  production 
wastes  to  protect  human  health  and  the  environment.    API's  detailed 
comments  on  Chapter  4  are  contained  in  Attachment  10* 

It  is  essential  chat  EPA  ensure  that  ica  risk  asseasments  are 
based  on  appropriate  modeling  and  experimental  evidence.    In  addition, 
any  asses smsnt  muat  take  into  account  the  likelihood  of  such  damage  by 
considering  the  frequency  and  occurence  of  euch  events.     It  la 
essential,  therefore,  that  the  damage  cases  used  be  appropriate  and 
verified. 

EPA's  contractor  baa  chosen  a  risk  model  (the  LLM  Risk  and  Cost 
Analysis  Model)  that  is  unvalidated  and  has  not  been  peer  reviewed. 
Therefore  it  should  not  be  used  as  a  regulatory  tool.    ThiB  problem  is 
compounded  by  the  approach  of  allowing  the  limitations  of  the  LLM 
model  to  guide  the  study  rather  than  tailoring  the  modeling  approach 
to  the  problems  being  addressed.    Repeatedly,  the  input  parameters  for 
this  model  have  been  developed  on  the  basis  of  limited  data, 
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hypothetical  worst-case  assumptions,  and  modelling  limitations,  in 
many  cases  neglecting  valuable  data  available  from  API,  the  open 
literature,  or  other  EPA  programs. 

Two  examples  of  the  poor  quality  of  the  data  ore  the  injection 
well  risk  scenarios  and  the  health-baaed  standards.    The  failure 
scenarios  for  underground  injection  were  baaed,  according  to  the 
report,  on  professional  judgement  rather  than  on  any  actual  data.  The 
aasumptions  that:  1)    25  square  centimeters  is  a  representative  casing 
leak  aire;  2)    all  levels  of  protection  on  a  well  will  fail 
simultaneously;  3)    some  permitted  injection  well a  do  not  meet  design 
criteria;  and  4)    testing  systems  in  place  will  not  detect  failures 
are  arbitrary,  unsupported,  and  in  API's  view,  do  not  represent  good 
profeaaional  judgment.    Yet,  there  is  no  discussion  of  how  EPA  will 
quantify  the  resultant  large  uncertainty  in  model  results,  or  even 
whether  such  an  effort  will  be  made.    The  health-based  standards 
incorporated  in  the  model  are  insufficiently  documented  in  the  report. 
In  the  case  of  carcinogenic  potency  of  arsenic,  the  model  ignores 
forthcoming  findings  of  EPA's  own  Risk  Assessment  Forum  that  this 
potency  is  actually  an  order  of  magnitude  less  than  that  assumed  in 
the  model. 

There  are  other  examples  of  inadequacies  in  model  data.  These 
include  data  describing  leaching  of  water  and  waste  constituents  from 
pits,  migration  through  ground  water,  constituent  uptake  on  soils  and 
sediment,  human  response  to  toxic  or  carcinogenic  substances,  and 
water  quality  criteria  for  waste  constituents  in  aquatic  ecosystems, 
Data  are  available  from  API  and  other  aources  that  would  allow  EPA  to 
upgrade  these  model  inputs.    Data  inadequacies  for  many  aspects  of  the 
model  and  suggested  improvements  are  described  in  further  detail  in 
Attachment  4  to  these  commonCD. 

The  inapproprlateness  of  the  risk  model  and  a  neglect  of  available 
data,  combined  with  significant  inaccuracy  and  uncertainty  in  input 
parameters,  will  make  model  results  highly  questionable,  without 
sensitivity  studies  or  other  evaluations  to  quantify  uncertainty  in 
risk  modeling  results ,  the  results  cannot  be  useful  or  meaningful, 

API  encourages  EPA  to  improve  and  verify  the  LLM  model,  to  use 
data  available  from  API,  the  literature  and  other  sources  to  improve 
estimates  of  input  parameter  values,  and  to  quantify  the  uncertainty 
in  model  risk  calculations  so  that  the  results  can  be  used  In  the 
context  of  their  likely  accuracy. 


CHAPTER  5  —  Coats  of  Baseline  and  Alternative 
Waste  Management  Practices  for  the 
Onshore  Oil  and  Gas  Industry 

Chapter  5  propoaes  an  approach  to  possible  altarnative  waste 
management  scenarios  and  attempts  to  determine  the  potential  cost 
impact  of  theae  scenarios.    The  general  approach  taken,  that 
management  practices  should  relate  to  the  waste  constituents  and 
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various  management  alternatives  should  be  evaluated,  Is  appropriate . 
Nonetheless,  API  has  Identified  many  instances  where  basic  assumptions 
are  in  error,  overly  broad,  unsupported  by  any  stated  rationale  or 
lead  to  understated  cost  impacts.    Several  of  these  general  Issues  are 
identified  below  while  mora  specific  line-by-line  comments  are 
included  in  Attachment  li  of  the  API  comments. 

The  report  suggests  a  tiered  approach  to  alternate  waste 
management  scenarios  based  upon  the  concentration  of  constituents 
present  in  the  waste.    However,  there  is  no  mention  of  the  rationale 
behind  the  selection  of  the  particular  constituents  and  concentrations 
chosen  or  the  analytical  tests  to  be  employed  in  the  Intermediate  ' 
Scenario.     In  fact,  it  appears  the  EPA  contractor  may  have  utilized 
references  and  existing  state  regulations  inappropriately  to  arrive  at 
elevated  trigger  concentrations.    Further,  the  report  uses  the 
proposed  TCLP  regulatory  limits  as  a  basis  for  the  RCRA  Scenario  even 
though  EPA  has  indicated  in  a  Federal  Regis ter  notice  of  May  18,  1987 
that  it  is  reconsidering  the  appropriateness  of  these  levels  for  waste 
disposal  in  surface  impoundments*    API  believes  that  the  TCLP  is  not 
an  appropriate  method  for  determining  the  type  and  concentration  of 
constituents  which  may  he  released  at  oil  and  gas  waste  facilities. 

The  scenarios  themselves  ert  in  several  ways.    Impacts  on  point 
source  discharges  of  produced  water  that  are  clearly  excluded  under 
RCRA  Subtitle  C  are  Included.    Compounding  this  mistake  is  the 
arbitrarily  low  chloride  concentration  (SOOppm)  used  to  limit  these 
discharges.    Also*  no  methodology  is  shown  for  estimating  the  number 
of  Class  I  or  II  injection  wells  that  would  be  required  to  accomodate 
the  volume  of  produced  water  previously  discharged.    Finally »  the 
on-site  landspreading  of  drilling  mud  pit  contents  during  closure  is 
completely  overlooked  in  the  scenarios.    This  is  an  important  and 
environmentally  sound  method  of  on-site  waste  management  that  should 
be  included.    In  fact,  it  appears  to  API  that  the  metals 
concentrations  U3ed  as  "trigger  limits"  in  the  "Intermediate  Scenario" 
were  taken  from  a  Louisiana  tule  that  is  intended  to  be  applied  to 
landspreading. 

The  report  properly  recognizes  that  existing  wells  cannot  be 
converted  to  Class  I  injection  wells,  but  has  made  an  overly  broad 
generalization  in  assuming  that  all  additional  Class  II  wells  would  be 
conversions  of  production  wells.    Engineering  difficulties  and 
reservoir  considerations  will  require  new  Class  II  wells  to  be 
drilled.  , 

No  mention  is  made  as  to  the  report's  intent  regarding  injection 
wells  used  in  enhanced  oil  recovery  projects.    API  believes  that  these 
wells  are  not  appropriate  for  inclusion  in  the  study  since  fluids 
injected  for  enhanced  recovery  are  not  waste  within  the  definition  of 
RCRA  and,  therefore,  cannot  be  regulated  as  such.    Those  injected 
fluids  are  not  discarded  as  wastes,  but  are  an  integral  part  of  the 
production  process  itself. 

In  developing  the  costs  associated  with  the  alternative  practices, 
the  Agency  has  attempted  to  adapt  models  that  have  not  been  peer 
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reviewed  and  were  designed  to  be  used  with  waste  practices  from  other 
industries.     In  addition,  the  report  employs  an  inappropriate  discount 
rate  of  8%  and  has  used  inaccurate  assumptions  to  derive  cost/barrel 
unit  costs  that  will  lead  to  significant  underestimation  of  costs. 
Also »  no  explanation  is  given  to  the  manner  in  which  waste  volumes 
will  be  allocated  among  the  various  alternative  practices. 

In  trying  to  project  the  subsequent  economic  implications  of  each 
scenario,  the  report  fails  to  adequately  consider  several  other 
factors.    These  include  the  severe  lack  of  commercial  waste  disposal 
capacity  that  would  result,  the  tremendous  cransporation  costs  that 
will  be  incurred  due  to  che  lack  of  commercial  waste  disposal  sites 
and  the  remote  locations  of  many  of  the  industry's  operations,  and  the 
loss  of  performance  and  increased  drilling  costs  associated  with 
substituting  "less  toxic  materials",  such  as  mineral  oil  in  drilling 
fluids. 


CHAPTER  6  —  Economic  Impact  of  Alternative 

Waste  Management  Practices  for  the 
Onshore  Oil  and  Gas  Industry 

Chapter  6  is  incomplete  and  does  not  address  the  economic  impact 
of  E&P  waste  regulation  on  the  oil  and  gas  industry.    Instead,  it 
specifies  21  "model  projects"  which  purport  to  represent  the  economic 
costs  and  profitability  of  drilling  and  producing  hypothetical  walls 
and  develops  an  assessment  of  their  rate  of  returns  with  and  without 
additional  RCRA  regulatory  costs.    The  basic  problem  with  the  approach 
is  that  the  diverse  U  S  oil  and  gaa  industry  cannot  be  adequately 
characterized  by  21  model  wella  (11  owned  by  majors  and  10  owned  by 
Independents)  located  across  EPA' 3  9  geographic  regions.    The  key 
issue  of  how  the  model  would  represent  industry's  over  800,000 
existing  producing  well3  and  their  associated  168,000  injection  wells 
and  more  than  70,000  new  wells  drilled  each  year  la  not  even 
addressed.    The  model  ia  also  flawed  in  its  selection  of  producing 
rates  and  production  decline  rates  which  will  understate  the  impact  of 
additional  costs.    Attachment  No.  12  contains  further  detailed 
comments . 

The  approach  also  does  not  recognise  problems  in  using  rate  of 
return  on  a  well  by  well  baaia  as  the  sole  indicator  of  the  impact  on 
industry  of  Increased  costs  due  to  additional  regulation*    A  reduced 
rate  of  return  for  a  well  means  more  than  if  it  can  abaorb  additional 
investment  for  regulatory  compliance.     It  also  demonstrates  that  the 
overall  level  of  industry  investment  and  number  of  auccessful  projects 
will  both  decrease  *    Attachment  12  describee  the  type  of  economic 
analysis  that  can  quantify  these  impacts.    Furthermore,  the  analysis 
does  not  separate  or  quantify  different  impacts  on  drilling  and 
production  activities  in  relation  to  today's  $18-19  per  barrel  crude 
prices  (the  model  uses  $25*26  per  barrel  crude  oil  prices).    This  will 
greatly  understate  the  Impact  of  additional  regulations  on  the  E&P 
industry. 
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The  approach  is  also  deficient  in  not  addressing  the  impacts  of 
additional  regulation  outside  the  oil  and  gas  industry.  The 
Congressional  mandate  to  EPA  does  not  limit  the  economic  analysis  to 
impacts  on  oil  and  gas  producers.    By  restricting  the  scope  of  its 
economic  analysis,  EPA»s  contractor  fails  to  recognize  the  large 
impacts  of  additional  regulatory  costs  on  individuals  and  state  and 
the  federal  governments  in  lost  taxes,  royalties  and  other  income  as 
well  as  impacts  on  ths  economies  of  non-oil  and  gas  producing  states. 
Other  issues  such  as  translating  the  loss  of  producing  capacity  on  U  S 
import  levels,  balance  of  payments  and  national  defense  requirements 
are  also  not  addressed  in  EFA's  methodology.    Theae  deficienciea  will, 
result  in  an  inadequate  assessment  of  economic  impacts  in  EPA's  Report 
to  Congress. 


CHAPTER  7  —  Summary  of  State  and  Federal  Regulations 

API  did  not  receive  Chapter  7  until  Hay  27,  1987  and, 
consequently ,  hae  not  had  an  opportunity  to  review  in  detail  this 
voluminous  Chapter.    However,  based  upon  APITs  preliminary  review,  it 
is  clear  that  there  are  a  number  of  significant  errors  and  omissions. 
API  will  submit  more  detailed  comments  when  time  permits.    Since  the 
status  of  current  state  regulations  is  an  extremely  important  part  of 
any  regulatory  decision,  API  urges  EPA  to  give  serious  consideration 
to  API  comments  .that  will  be  presented  in  the  very  near  future. 
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COMMENTS  WITH  RESPECT  TO 

THE  DAMAGE  CASE  SUMMARIES  PREPARED  BY 
THE  UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

FOR  THE  STATES  OF 
OHIO,  PENNSYLVANIA  AND  WEST  VIRGINIA 
IN  CONNECTION  WITH 
ITS  REVIEW  OF  OIL  AND  GAS  WASTE  PURSUANT  TO  RCRA  §8002 

In  connection  with  its  study  of  oil  and  gas  wastes 
pursuant  to  RCRA  §8002 (m) ,  EPA,  through  its  contractor  Versar, 
has  identified  damage  cases  that  it  believes  to  be  relevant. 
This  document  will  offer  detailed  comment  on  the  summaries  of 
those  damage  cases  prepared  by  Versar  and  offer  conclusions  which 
we  believe  are  appropriate  on  the  basis  of  this  analysis. 

At  the  outset,  we  note  that  RCRA  §8002  (m)  uses  the 
following  language  to  describe  the  scope  of  the  damage  case 
review  which  should  be  conducted: 

(D)  documented  cases  which  prove  or  have 
caused  danger  to  human  health  and  the  en- 
vironment from  surface  runoff  or  leachate; 

As   is  stated  elsewhere  in  RCRA  §8002 (m),   the  overall  thrust  of 

the  report  is  to  study  "the  adverse  effects,   if  any,  of  drilling 

fluids,    produced  waters,    and   other  wastes    associated  with  the 

exploration,   development,   or  production  of  crude  oil  or  natural 

gas   ...   on  human  health  and  the  environment."11     Our  review  of 

the  damage  cases  will,   therefore,   be  conducted  in  light  of  this 

statutory  mandate. 


I.  OHIO. 

Damage  case  summaries  have  been  prepared  for  a  total  of 
52  cases.      Originally,     44  of    the    cases    were    provided    but  an 


additional  eight  cases  were  later  obtained  by  us  from  the 
regional  offices  of  the  Ohio  Department  of  Natural  Resources* 

A  summary  of  these  cases  is  contained  in  Exhibit  A  and 
our  detailed  comments  on  each  of  the  52  cases  are  contained  in 
Exhibit  B. 

Our  review  of  these  cases  reveals  two  principal  con- 
clusions. First,  11  of  the  cases  should  not  be  given  further 
consideration  as  part  of  the  RCRA  $8002 (m)  study  because  they  are 
not  within  the  scope  of  the  mandate  established  by  Congress* 
Second ,  the  remaining  41  cases  involve  situations  that  are 
adequately  regulated  by  current  industry  practices  and  by  stat- 
utes, regulations,  permits  and  policies  of  state  and  federal 
agencies . 

1.       Eleven     Cases     Should     Be     Deleted     From  Further 
Consideration. 


The   eleven   cases  which  do  not  meet   the  congressional 
mandate  for  relevancy  to  this  study  are  as  follows: 

a.  OH01  does  not  involve  the  State  of  Ohio  at  all* 
This  case  arises  out  of  West  Virginia  where  the 
operator  involved  was  subjected  to  criminal 
sanctions  for  an  unauthorized  stream  discharge. 

b.  OH13  and  OH22  are  related  to  erosion  from  an  oil 
and  gas  operation  and  do  not  involve  waste  dis- 
posal practices  of  the  industry.  Erosion  control 
practices  are  subject  to  extensive  regulation  at 
the  state  level;  however,  since  erosion  control 
practices  are  not  within  the  scope  of  this  study, 
they  should  not  be  given  further  consideration. 

c.  OH18,  OH19,  OH40,  -OH41,  and  OH51  are  cases  in 
which  the  documentation  does  not  establish  a 
causal  connection  between  environmental  damage  and 
the  exploration,  development  or  production  of 
crude  oil  or  natural  gas.  Accordingly,  these 
cases  should  not  be  given  further  consideration* 
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d.  OH  36  and  OH4  3  are  cases  which  relate  to  disposal 
wells  which  are  not  involved  with  the  exploration , 
development  or  production  of  crude  oil  or  natural 
gas*  The  sole  purpose  of  the  wells  involved  is 
the  disposal  of  wastes  and,  accordingly,  damage 
cases  resulting  from  the  operation  of  these  wells 
should  not  be  given  further  consideration  in 
connection  with  this  study* 

e*  OH52  is  a  duplicate  of  OH39  and  should  not  be 
given  independent  consideration. 


2.       The    Remaining    41  Cases    Involve    Damage    From  Op* 
erations  That  Are  Subject  to  Adequate  Regulation. 

Our    review   of   the    remaining    41  cases    indicates  that 

they  can  be  categorised  as  follows  for  purposes  of  assessing  the 

applicability  of  existing  regulatory  requirements: 

1*  Djgcharges_of  waste  onto  the  ground  (OH02,  OH03, 
OH04,  OH08,  OHIO,  0H11,  0H12,  OH21,  OH23,  OH24, 
OH25,  OH26,  OH27,  OH28,  OH29,  OH32,  OH33  and  OH34) 
in  violation  of  the  following  requirements: 

ORC    §1509,22     ~     Improper    Disposal  of 
Brine. 

OAC     §1501:9-1-07     -     Contamination  or 
Pollution  of  Land  or  Water. 

OAC  §1501:9*3*08  (A)   *  Liquid  Tight  Pits; 
and 

2.  Discharge  of  waste  to  a  surface  stream  (OH05, 
OH07,  OH31  and  OH4  8)  in  violation  of  the  following 
provisions: 

ORC     §1509.22     *     Improper    Disposal  of 
Brine. 

ORC    §6111.04    *   No   Discharge   Without  a 
Permit, 

OAC   §3745*33   *  No  Discharge  Without  an 
NPDES  Permit* 

OAC  §1501*9*1*07  -  No  Contamination  or 
Pollution  of  Water  on  the  Surface  or 
Subsurface . 

OAC  §1501*9*3*08  *  Liquid  Tight  Pits. 
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3*       Leachate   from  brine  pits    (OH09,   OH14,   0H15,  0H16, 
OH20,  OB35,  OH42,  and  OH49)   in  violation  of: 


ORC     §1509,22     ~     Improper    Disposal  of 
Brine . 

OAC  §1501-9-1-07  -  No  Contamination  or 
Pollution  of  Water  on  the  Surface  or  in 
the  Subsurface* 

OAC  §1501-9-3-08  -  Liquid  Tight  Pits* 

4.  Leachate  or  overflow  of  drilling  pits  (OH06,  OH30, 
OH37,  OH39,  OH44,  OH46,  OH47  and  OH50)  in  vio- 
lation of: 

ORC     §1509.22    -    Improper    Disposal  of 
Brine  , 

OAC  §1501-9-3-09  -  Liquid  Tight  Pits* 


5*       Unauthorized  annular  disposal    (OH17   and  OH38)  in 
violation  of: 

ORC     §1509*22     -     Improper    Disposal  of 
Brine  * 

OAC     §1501-9-3-11     -     Annular  Disposal 
Approval. 


6*       Illegal  dumping  of  wastes   (OH45)   in  violation  of: 
ORC     §1509*22     -     Improper    Disposal  of 
Brine  * 


Nearly  all  of  these   41  cases  resulted  in  the  issuance 
of  notices  of  violation  or  of  directives  for  remedial  action* 


II*      PENNSYLVANIA , 

EPA  has  four  damage  cases  summaries  with  respect  to 
Pennsylvania.  Our  detailed  comments  on  those  summaries  are 
contained  in  Exhibit  C*  Of  these  cases,  two  relate  to  specific 
oil   and  gas  well  operations  while  the  other  two  relate  to  more 
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general  environmental  concerns  relative  to  older  oil  and  gas  well 

practices  in  the  Northwestern  part  of  the  state* 

Based  upon   our  review  of  these   cases ,    it   is  apparent 

that  adequate  regulatory  authority  exists  at  both  the  state  and 

federal  level  to  respond  to  the  fact  situations  which  these  cases 

raise*     The  specific  categories  involved  are  as  follows: 

1*       Stream  discharge  without  a  permit   (PA01  and  PA08) 
in  violation  of: 

Clean  Streams  Act, 

Fish  and  Boat  Code* 

2.       Release  of  oil    (PA02  and  PA08)   which  invokes  the 
following  clean-up  remedy; 

Federal  Clean  Water  Act  S311* 

III*   WEST  VIRGINIA. 

EPA  has  identified  22  damage  cases  arising  out  of  West 

Virginia.     Our  detailed  comments  on  those  summaries  are  contained 

in     Exhibit  D .       As     with     Ohio,     these     cases     fall     into  two 

categories.       First,     eight     of     the     cases     do     not     meet  the 

congressional  mandate  for  damage  cases  to  be  taken  into  account 

in    this    study    and    should    be    deleted*      Second,    the  remaining 

14  cases     indicate     that     the     fact     situations     involved  are 

adequately  regulated  under  state  and  federal  authority* 

1*       Eight   Cases    Should   Be  Deleted  From  Further  Con- 
sideration.  

The   eight   cases   which   do   not   meet   the  congressional 

mandate  for  relevancy  to  this  study  are  as  follows: 
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a*  WV02  is  a  case  of  environmental  damage 
related  to  the  surface  mining  of  coal 
and  is  unquestionably  not  related  to  oil 
and  gas  operations* 


b.  WV08  and  WV14  are  cases  where  there  is 
no  established  causal  connection  between 
the  damage  case  involved  and  the  explo- 
ration, development  or  production  of 
crude  oil  or  natural  gas. 

c«  WV11,  WV21,  WV22  and  WV35  are  cases 
involving  erosion.  Even  though  erosion 
and  sediment  control  practice  s  are 
carefully  regulated  in  West  Virginia 
pursuant  to  W.Va,  Code  S22B-1-6  (d) , 
erosion  is  not  the  disposal  of  drilling 
fluids,  produced  waters  or  other  wastes 
associated  with  the  exploration,  devel- 
opment  or  production  of  crude  oil  or 
natural  gas  and  should,  therefore,  not 
be  given  further  consideration  in 
connection  with  this  study. 

d.  WV18  is  a  case  involving  a  landowner 
intentionally  using  a  pit  for  purposes 
of  supplying  water  for  his  domestic 
cattle*  This  case  clearly  is  not  a  case 
representative  of  waste  disposal  prac- 
tices of  the  industry  and  should  not  be 
given  further  consideration  in  con- 
nection with  this  study. 

2.  The  Remaining  14  Cases  Involve  Damage  From  Op- 
erations  That  Are  Subject  to  Adequate  Regulation. 

Of    the    remaining    14  damage    cases    identified,    it  is 

apparent    that    those    cases    can    be    categorized    as    follows  for 

purposes  of  examining  the  adequacy  of  existing  state  and  federal 

regulatory  programs   to  prevent  or  mitigate  environmental  damage 

resulting  from  the  activities  involved: 

1.  Stream  discharge  of  wastes  (WV07,  WV09,  WV12, 
WV15,  WV16,  WV19,  WV20,  WV26,  WV31  and  WV32)  which 
is  prohibited  as  follows: 
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W.Va.  Code  S20-5A-19  -  Pollution  Prohib- 
ited . 

W.Va.  Code  S20-5A-19  -  Payment  for  Loss 
of  Aquatic  Life. 

W.Va.    Code    §22B-l-7    -    No    Stream  Dis- 
charge Without  Permit. 

General  NPDES  Permit  No.  WV0073343  -  No 
Stream  Discharge. 

2-       Temporary  vegetation  stress   (WV13)   regulated  by: 

General    NPDES    Permit    No.    WV0073343  - 
Land  Application  Requirements. 

3.      Water    well    contamination     (WV01    and    WV17)  pro- 
hibited by:  ~~~ 

W.Va.  Code  §20-5A-19  -  Pollution  Prohib- 
ited. 

W.Va.    Code   S22B-1-7   -   No  Discharge  to 
Ground  Water  Without  a  Permit. 

Administrative  Regulations,  Chap- 
ter 22-4,  Series  V,  Section  9.02  -  No 
Discharge  to  Ground  or  Surface  Water. 

4*      Overflow  of  drilling  pits   onto   ground    (WV24)  in 
violation  of: 

General    NPDES    Permit    No.    WVO 073343  - 
Pits  Must  Prevent  Overflow. 

Administrative         Regulations,  Chap- 
ter 22-4,      Series  V,      Section  23.04 
Drilling  Pits  Shall  Prevent  Overflow. 


Of  these  14  cases,  10  clearly  resulted  in  criminal 
charges  being  filed  against  the  operator.  Criminal  charges  may 
also  have  been  filed  in  other  cases  but  the  determination  is  not 
sufficiently  complete  to  reach  that  conclusion.  In  one  case 
(WV13) ,  the  agency  responded  to  that  situation  by  significantly 
tightening  the  general  permit  requirements  for  land  application. 
In  another  case   (WV17) ,  the  state  responded  to  that  situation  by 
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revising  its  surface  water  casing  requirements  to  take  account  of 
a  newly  discovered  drinking  water  source. 

IV.  CONCLUSION. 

This  review  makes  it  clear  that  a  number  of  the  damage 
cases  that  have  been  identified  by  EPA  clearly  do  not  meet  the 
congressional  mandate  for  analysis  in  connection  with  RCRA 
§8002(m) . 

While  there  are  several  cases  in  which  environmental 
damage  has  been  identified  to  have  been  caused  by  oil  and  gas 
operations,  it  is  apparent  that  adequate  regulations  are  in  place 
by  which  both  the  state  and  federal  government  can  regulate  these 
activities.  The  damage  cases  involved  not  only  reveal  that  there 
is  adequate  authority  to  regulate  these  activities  but  also  that 
state  and  federal  agencies  have  vigorously  enforced  these  author- 
ities to  prevent  or  mitigate  any  environmental  damage  that  may 
have  resulted  in  these  operations.  Moreover,  the  small  number  of 
cases  involved  relative  to  the  number  of  existing  and  new  wells 
involved  indicates  a  high  level  of  compliance. 

Respectfully  submitted  this  11th  day  of  June,  1987. 

INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF 

NEW  YORK 

INDEPENDENT  OIL  AND  GAS  ASSOCIATION  OF 
WEST  VIRGINIA 
KENTUCKY  OIL  AND  GAS  ASSOCIATION 
OHIO  OIL  AND  GAS  ASSOCIATION 
PENNSYLVANIA  NATURAL  GAS  ASSOCIATES 
PENNSYLVANIA  OIL  AND  GAS  ASSOCIATION 
TENNESSEE  OIL  AND  GAS  ASSOCIATION 
VIRGINIA  OIL  AND  GAS  ASSOCIATION 
WEST  VIRGINIA  OIL  AND  NATURAL  GAS  ASSOCIATION 

By  Counsel 
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ROBINSON  &  McELWEE 

i^ini^iiiii^iii^A 

David  M.  Flannery  H[ 

600  United  Center 
Post  Office  Box  1791 
Charleston,  West  Virginia  25326 
(304)  344-5800 
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EXHIBIT 


SUMMARY  OF  DAMAGE  CASES  CITED  BY  EPA 
WITH  RESPECT  TO 

OHIO 

PENNSYLVANIA 

and 

WEST  VIRGINIA 


SUMMARY  OF  DAMAGE  CASES  CITED  BY  EPA 


OHIO 


Description 

OH01     stream  discharge  of  frac 

fluids  {criminal  charges) 
OH02  produced  water  onto  ground 
OHO 3  produced  water  onto  ground 
OHO 4  produced  water  onto  ground 
OH05  produced  water  to  stream 
OH06     leachate  from  drill 

cuttings 
OH07    brine  discharge  to  stream 
OHO 8    brine  discharge  onto 
ground 

OH09     leachate  from  brine  pit 
OHIO     leaking  brine  tank 
OH11    brine  discharge  onto 
ground 

OH12    brine  discharge  onto 

ground 
OH13  erosion 
OH14    open  brine  pit 
OH15    brine  contamination  of 

water  well 
OH16    brine  contamination  of 

water  well 
OH17     illegal  annular  disposal 
0H18     contamination  of  water 

well 

0H19    brine  contamination  of 

water  well 
OH20     improper  brine  disposal 
0H21     brine  discharge  onto 

ground 
OH22  erosion 

OH23    brine  contamination  of 

water  and  soil 
OH24     leaky  brine  tank  and  pipe 
OH25     leaky  brine  tank 
OH26     leaky  brine  tank 
OH27     leaky  brine  tank 
OH28     leaky  brine  pipe 
OH29     leaky  brine  tank 
OH30    drilling  pit  overflowed 
OH31    brine  discharge  to 

stream 
OH32     leaky  brine  tank 


Conclusions 


delete  -  not  an  Ohio  case 


adequate 
adequate 
adequate 
adequate 
adequate 


state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 


adequate  state  enforcement 
adequate  state  enforcement 

adequate  state  enforcement 
adequate  state  enforcement 
adequate  state  enforcement 

adequate  state  enforcement 

delete  ~  not  waste  disposal 
adequate  state  enforcement 
adequate  state  enforcement 

adequate  state  enforcement 

adequate  state  enforcement 
delete  ~  no  causal  connection 

delete  ~  no  causal  connection 

adequate  state  enforcement 
adequate  state  enforcement 

delete  -  not  waste  disposal 
adequate  state  enforcement 


adequate 
adequate 
adequate 
adequate 
adequate 
adequate 
adequate 
adequate 


state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 
state  enforcement 


adequate  state  enforcement 


OH33     leaky  brine  pipeline  adequate 

OH34     leaky  brine  piepline  adequate 

OH35    brine  contamination  of  adequate 
water  well 

OH36     soil  contamination  from  delete  - 

commercial  disposal 

OH37    drilling  pit,  water  well  adequate 

contamination 

OH38     improper  annular  disposal  adequate 

OH39    drilling  pit,  ground  water  adequate 

OH4  0    water  well  contamination  delete  - 

0H41    water  well  contamination  delete  ~ 

OH42    brine  contamination  of  adequate 
water  well 

OH43    spring  contamination  from        delete  ~ 

commercial  disposal 
OH44     drilling  pit,  water  well  adequate 

contamination 
OH45     illegal  dumping  adequate 
OH4  6    drilling  pit,  water  well  adequate 

contamination 
OH47    drilling  pit,  water  well 

contamination 
OH4  8    stream  discharge  of  brine  adequate 
OH4  9    brine  contamination  of  adequate 

water  well 
OH50    drilling  pit,  water  well 

contamination 
0H51     stream  contamination  delete  - 

OH52     N/A  delete  - 


state  enforcement 
state  enforcement 
state  enforcement 

not  oil  and  gas 

state  enforcement 

state  enforcement 
state  enforcement 

no  causal  connection 
no  causal  connection 
state  enforcement 

not  oil  and  gas 

state  enforcement 

state  enforcement 
state  enforcement 

adequate  state  enforcement 

state  enforcement 
state  enforcement 

adequate  state  enforcement 


no  causal  connection 
same  as  OH39 


PENNSYLVANIA 


Description 

PA01    various  stream  discharges 
PA02     survey  of  five  streams 
PA08    contamination  of  water 
supply 

PA09     four  county  cleanup 


Conclusions 

adequate  state  enforcement 
adequate  state  enforcement 
adequate  state  enforcement 

adequate  state  enforcement 
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WEST  VIRGINIA 


Description 

WVO 1    water  well  contamination 
WV02     strip  mining  contamination 
WVO 7    brine  discharge  to  stream 

WV08    dead  cows  around  drilling 
pit 

WVO 9     frac  fluid  discharge  to 

stream 
WV11  erosion 

WV12    brine  discharge  to  stream 

WV13    temporary  vegetation  stress 

WV14    unproven  casing  leak 
WV15    drilling  pit  stream  dis~ 
charge 

WV16     frac  fluid  discharge  to 
stream 

WV17    water  well  contamination 

WV18     intentional  use  of  pit 

for  cattle  water 
WV19    discharge  of  drilling 

waste  to  stream 
WV20    discharge  of  drilling 

water  to  stream 
WV21  erosion 

WV23    erosion   (criminal  charges) 
WV24    overflow  of  drilling  pit 

onto  ground 
WV26     discharge  of  drilling 

waste  to  stream 
WV31     discharge  of  drilling 

waste  to  stream 
WV32    discharge  of  drilling 

waste  to  stream 
WV35  erosion 


Conclusions 

adequate  state  enforcement 
delete  -  not  oil  and  gas 
adequate  state  enforcement 
(criminal) 

delete  -  no  causal  connection 

adequate  state  enforcement 
(criminal) 

delete    -    not    waste  disposal 
adequate  state  enforcement 
(criminal) 

adequate  state  enforcement 

(revised  permit) 

delete  -  no  causal  connection 

adequate  state  enforcement 

(criminal) 

adequate  state  enforcement 
(criminal) 

adequate  state  enforcement 
(revised  casing  requirements) 
delete  -  not  waste  disposal 

adequate  state  enforcement 

adequate  state  enforcement 
(criminal) 

delete  ~  not  waste  disposal 
delete  -  not  waste  disposal 
adequate  state  enforcement 
(criminal) 

adequate  state  enforcement 
(criminal) 

adequate  state  enforcement 
(criminal) 

adequate  state  enforcement 
(criminal) 

delete  -  not  waste  disposal 
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uamage  teases 


yes 

Region  2 


WV17        ]t  State  WV 

Nearest  Oty  or  Town  Rpiay 
County/Parish  Jackson 
Administrative  j       1j    Legal  j~~j  ScientifkAechnica  p*~Tj 


P/oof  Category 
Description  of  Operation 

Production  Art*  Appalachian  Basin 
Production  Type  Gas 
Production  Category  Dsvstopmsnt 


Description  of 
Operation 


0-no  Uy*s 


(basm,  reghntetc.) 

(oil  qms,  injection  mtl,  etc) 

(exploration,  devebpment 
production,  or  other) 


In  1982  Kaisar  Gas  Co.  dHJM  t  gas  wall  on  tha  property  of  Mr  Jamas  Parsons.  Tha  watt  was  fractured  using  a 
typical  fracturing  fluid  or  gah  The  rasiduai  fracturing  fluid  migratad  into  Mr.  Parson's  watar  wail,  dniiad  to  a 
tepxh  of  416ft.  (Tba  gas  wad  is  bcated  lass  than  1000  ft.  from  tha  watar  wall}  By  1984,  tha  watar  wall  was  unfit 
for  domastic  us«  and  an  attemata  source  of  watar  had  to  be  found 


FfMuk  ul^U^.  Co«**«* 

Umh^  /^utlu^  Ofx^srfw  SUe^r  Ova. 

W^u^   w*«  "UAi^Y  f**^  °^  °CouvA«^t  p^.- 

<W^jrjl  t  0 

Description  of  Waste  ar>d  Damage 

Pathway  of  Contamination      (yes/no)     Ground  Water 
Damage  Source  gas  wail 

Area! 
Extent 


yes 


] 


Surf,  Water 


CZ3-IZD 


Wasf*  Sf/aam  fracturing  fluid  or  gal 


Waste  Analysis  Waff  watar  was  anafy2ad  and  found  to  contain  high  lavs  1 1  of  fluoride,  sodium,  iron, 

manganasa.  Tha  watar  hsd  a  hydrocarbon  odor  indicating  ths  prasanca  of  gaa.  Dark 
and  iight  gaiatinoua  malarial  (fracturing  fluid),  was  found  along  with  whtta  fibers. 


(reserve,  holding  or 
emergency  pit:  tank, 
well  battery;  spill; 
injection  well; 
bbwdownt  etc) 

(mud,  brine, 
produced  water, 
workover  fluid t 
frmc  fluid,  etc) 

(describe  nature 
of  available 
analysis,  cite 
key  numbers  if 
available) 


Waste  Volume 
Released 


HA 


3/4/87& 


(barrels,  gallons, 
etc) 


Amet&rtent  HA 


(teres) 


(rmbzs*  maybe 

ffoksm  -  ■    *  •  ongoing,  recently 

reported,  etc.) 

Du/a&n    Approximat  afy  1 2  hours  (com/nan*  as  naaoej 


Affected  8  rota     (yes/no)  Fmme 


Rom  |         j    Human Heefth  jy«s  | 


Qamaga  Whan  fraciunng  tha  Kaisar  gas  waif  on  Mr.  Jamas  Parson's  property,  fracturas  wara  craafad  aibwsng  migration 
Description  of  fractura  fluid  from  th#  gas  waH  to  Mr.  Parson*  watar  wait.  This  fraciura  fluid,  along  with  natural  gas  was 

prasant  m  Mr.  Parson*  watar  tendering  it  unusabla-  The  contamination  has  tinea  pas  sod  through  tha  wato  we> 
but  Is  siiil  contai  nad  in  tha  groundwater 

TW  ^*  Ola^x.     vmKa**    Wcttfcv    fi^u^Ce^!    kouu^  * 

CAx^^Scfea^  i»d^  Oo^kl     UUrtX^  UKlL^fc 


Vbiations  State  Regs,  I      01  fObAte  ?*Vas;  a;  sma  ofdammge 


Compliance    No  apparant  compliance  issuas  *  no  laws  dictating  proximity  of  oil  and  gas  waNs  to  watar  waffs  *  no  maximum  + 
Issues    prassura  didatad  for  fracturing  oil  and  gas  wails* 

Sbette  £W>  fr1**^  vu£t*^  -fe       4fcct:  3d 

^  £#wAadb  P  It**'**-  W5^>^    If***- *  c<tx***-dL 

WCCbu^  ^W-rs^    T£La^**-     Wx«4     f^^^u^xX^  *4/rV*u*v*  o«> 

Doeumamar/on   Thraa  lab  raports  containing  analusis  of  watar  wall.  Lattar  from  J.  E>  Rosancranca.  Environmantal  Haarth 
Sarvicas  Lab,  to  P.  E.  Marrffl,  Sanitarian,  Jackson  County.  Lattar  from  P.  R,  Martin  to  J.  E.  Rosancranca 
raquasting  analysis.  Lattar  from  MK  W.  Lawis,  OHiea  of  Oil  and  Gas  to  Jamas  Parsons  stating  stata  cannot  h«*o 
in  racovaring  expenses  *  must  fila  civil  suit.  Watar  waff  inspactcn  raport  *  complaint.  Sampia  raport  forms. 
L****^  U  R^^v^    *f***^    ^fc^JL  Lk>Jt£>&  ds&Z^  W^^IW, 

'Vjr*j*o>    »      &^~>    J^^>     c*l**~     "bU  <x^**-d^ 


3/4/S7& 


DEPARTMENT  OF  ENERGY 


322  70th  STREET  SOUTHEAST 
CHARLESTON.  WEST  VIRGINIA  26304 
TELEPHONE     348  3741 


STATE  Of  WEST  VIRGINIA 


ARCH  A  MOORfc.JR 
GOVERNOR 


KENNETH  R  PAERBER 
COMMISSIONER 


DOE/DO&G-0356 


May  29,  1987 


Mr.  Dave  Flannery 

Robinson  and  McElwee 

600  Kanawha  Banking  &  Trust  Center 

Charleston,  West  Virginia  25301 

Re:      Letter  of  May  25,  1987 

Dear  Dave: 

This  is  in  response  to  your  request  for  further 
information  on  West  Virginia  damage  case  number  WV  17.  I 
have  enclosed    copies  of  our  file  in  this  case* 

I  would  like  to  point  out  that  WV  Code  22B-1-20 
requires  an  operator  to  cement  a  string  of  casing  30  feet 
below  all  fresh  water  zones*  At  the  time  the  permit  was 
issued  concerning  this  well  the  Division  had  no  knowledge 
that  the  Pittsburg  sand  was  a  fresh  water  source*  This  is 
because  in  certain  areas  oil  and  gas  is  produced  from  the 
Pittsburg.  With  this  case  however,  the  division  discovered 
the  problem  and  took  the  following  steps  to  remedy  the 
situation:  1)  We  had  a  geologist  map  the  Pittsburg  sand  in 
the  Roane  and  Jackson  county  area  so  that  our  permits  group 
and  enforcement  group  knew  where  that  sand  could  be  found. 
2)  We  required  every  well  drilled  in  the  area  to  have 
casing  cemented  up  over  the  Pittsburg  sand*  This  in  itself 
added  eight  per  cent  to  the  total  cost  of  drilling  a  well  in 
the  area* 

I  hope  this  helps  claifiy  the  situation  and  if  you  have 
any  further  questions  feel  free  to  contact  me. 


Sincerely , 


Ted  M.  Streit 
Deputy  Director 
Inspection  and  Enforcement 
Divsion  of  Oil  and  Gas 


TMS:las 


Ends*     (as  stated) 
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1986  PROPOSED   TOXICITY  CHARACTERISTIC 
LEACHING  PROCEDURE 

LETTER  REGARDING   COMMENTS  OF  THE 
AMERICAN  PETROLEUM    INSTITUTE  AND  ITS 
APPROXIMATELY  230   MEMBER  COMPANIES 
CONCERNING  ERA'S  PROPOSED  TOXICITY 
C H  A R  A Cj T E E I  ST  I C  L. E  A C H  I N G  P R 0 C E D 0 R E    ( T  C L P  ) 
HAZARDOUS  WASTE  MANAGEMENT  SYSTEMS 
IDENTIFICATION  AND  LISTING  OF  HAZARDOUS 
WASTES  DOCKET  NO*    F--86-- T C~ FF FF'F'  - 
COMMENTS   OF   THE   RAILROAD   COMMISSION  OF 
TEXAS 

STATUS   OF   UIC  PROGRAMS 
3!  N  T  E  R  0  F  F  ICE   C  0  R  R  E  S  F  0  N  D  E  N  C  E   T  0   AL  L 
HAZARDOUS  WASTE   DIVISION  PERSONNEL 
REGARD I NG  FLATUS   OL    OFF-SHORE  OIL 
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GF  THE.  INDEPENDENT  GIL  AND 
GAB  ASSOC  I AT  I  UN  GF  WEST  VIRGINIA  AND  THE 
WEST  VIRGINIA  GIL  AND  NATURAL.  GAS 
ASSOC 1  AT I  ON  REGARDING  THE  AGENCY'S  STUDY 
OF  GIL  AND  GAS  WASTES  UNDER  8002  GF  RCRA 
L  1ST  OF  ATTENDANCE  GF  A  MEETING 
CONCERNING   GIL   AND  GAS 

LETTER  REGARDING  A  MEETING  WITH  PATRICK 
PESACRETA 

SUSAN  DENAGY   AND  JOHN  JOHNSTON  TG 
DISCUSS  ERA'S  CURRENT  REVIEW  GF  THE  OIL. 
AND  GAS    INDUSTRY  BOTH  FROM  THE 
STANDPOINT   OF   RCRA  AND  THE  CLEAN  WATER 
ACT 

CORRESPONDENCE  REGARDING  DRILLING  MUDS 
PRODUCED  WATER   AND  ASSOCIATED  WASTES  ARE 
CURRENTLY  EXEMPTED  FROM  HAZARDOUS  WASTE 
REGULAT I ONB 

LETTER   REGARDING   IOCC  PARTICIPATION  IN 
THE  REVIEW   OF   THE   ONGOING  EPA  STUDY  OE 
THE  OIL  AND  GAS   INDUSTRY  HAZARDOUS  WASTE 
EXEMPTIONS 

MEMORANDUM  REGARD I NG  TELEPHONE 
CONFIRMATION- JULY  7 

1986  CONCERNING   INCREASED  INDUSTRY 
CONTACTS  FOR  THE   OIL   AND  WASTE 
REGULATORY   DETERMINATION   WORK  GROUP 
LETTER  REGARDING  RECENT  ENVIRONMENTAL 
PROTECTION  AGENCY   ADMINISTRATIVE  ACTIONS 
DIRECTED  AGAINST   THE   GEGTHERMAL   INC.  AND 

IT  CORPORATION  NGN  HAZARDOUS  WASTE 

FACILITIES   LOCATED    IN   LAKE  COUNTY 
CALIFORNIA 

MEETING  AGENDA   JULY  23 

1 986;    U.S.,    EPA  AND  APPALACHIAN  OIL  AND 
GAS  PRODUCERS   REGARDING  ERA'S  RCRA/CWA 
STUDY  OF  OIL  AND   GAS  INDUSTRY 
A  PILOT  SURVEY   OF   STATE  MECHANICAL 
INTEGRITY   TESTING    (MIT) --NEW  MEXICO 
EXECUTIVE   SUMMARY:;    THE   ECONOMIC  IMPACT 
OF  COMPLIANCE  T9G  RCRA  ON  THE  TEXAS  OIL 
AND  GAS  INDUSTRY 

REVIEW   OE  COMMENTS   SUBMITTED  TO  THE  OIL 
AND  GAS  EXTRACTION  WASTE  DOCKET 
MEMORANDUM  TO  ROBERT  HALL  REGARDING 
COMMENTS  ON   DRAFT   SUMMARIES   OE  OIL  AND 
OAS'  REGULATIONS 

S„    EPA  REPORT  TO 
RELATED   TO   THE  OIL 


LETTER   REGARDING  EE 
CONGRESS   ON  WASTES 
AND  GAS  INDUSTRY 
LETTER  REGARDING  A 
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AND  GAS  EX  PL DRAT  I ON  AND  PRODUCTION 
WASTES 

(570415  API   RCRA  EXEMPTION  STUDY 

TASK   I    PRODUCTION  WAS  PL  STUDY 
8704  17   LETTER   REGARDING   THE.   ERA'S  UPCOMING 

REPORT   '70   CONGRESS   ON  WASTES  FROM  THE 
EXPLORATION 

DEVELOPMENT  AND  PRODUCTION  OF  CRUDE  OIL 
NATURAL   GAS   AND   GE-'G THERMAL  ENERGY 
070423  LETTER  REGARDING  ARCTIC  PRODUCTION  WASTE 
DA 'I  A 

RESERVE  PIT    WASTE  CHARACTERISATION 
870 i 50   REPORT   ON   SAFE   PRUOHOE   DAY   I  PRODUCED 
WATER  AND   RESERVE  PIT  MUD  AND  WATER 
CHARACTER  1  SI  ICS    TECHNICAL  SERVICE 
^  RESPONSE  NO.  Soil 

■ S704SO  SUMMARY   OF   COMMENTS   OF   THE  AMERICAN 
i  14:  TR OLEUM    INS!"  IT  OTP.  ON  THE  U.S.  ERA'S 

"WASTES   FROM    F  IE   EXPLURAT [ ON 
DEVE!  OPHFNT   AMD   PRODI!  IT  I  ION  OF   CRUDE  OIL 
NATURA1     GAG   AND   Gt-J'J  I  UER'MAL  ENERGY" 
I.  M  I  FR  [  M   Rf  I  I  )PT 
07n/\\\j  FRA  Pi  SOFTS;    G0NMER/G6  SAMPF  I  NO  AND 

analysis.;  of  pi.  and  gas 
fx'  t. cpa  i'  {  on 

ofvf!  (.ipnln'i  und  production  mas  s  eg 
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currfni  and  alternative  props' ills 

970909   COMHEU  F  i   DY    Mir     TEXAS  RAILROAD 
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Rl  EURO    01     WAS  IPS   I- RUM    THE  EXPLORATION 
i )l  .PPT  .UPHI  NT    AND   PRODUOliuN   Of-    CRUDE  OIL. 
NAIURAL   OA:;   AMD  GFOTHE ETTAl ...  ENERGY 
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LXPLORAT 1  OH 
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0/061S  FETTER   14:  SARD  I'.  NO   GUPCHTT1NG   COMMENTS  UN 
IT  IP    1  NT  PR  I H   REPORT   01-    'IT  IIS  ENVIRONMENTAL 
PRO  TP (..:  T  ION    API  TICY 
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1987 

INTERIM  REPORT  ON 
"WASTES  FROM  THE  EXPLORATION 
DEVELOPMENT   AND  PRODUCTION   OF   CRUDE  OIL 
NATURAL  GAS  AND  GEO  THERMAL.  ENERGY 
870615  LETTER  REGARDING 

INTEL;  IN  REPORT  TITLED 
"WASTES   FROM   THE  EXPLORATION 
DEVELOPMENT  AND  PRODUCTION  OF  CRUDE  OIL 
NATURAL   GAB  AND  GEOTHERMAL  ENERGY 
990909  LETTER  REGARDING  CONCERNS  WITH  CHAPTER  3 
OIL  AND  GAB   DAMAGE  CASES   IN   THE  INTERIM 
REPORT  ON   WASTES  FROM  THE  EXPLURAT 1  ON 
DEVELOPMENT   AND  PRODUCTION  OP   CRUDE  OIL 
NATURAL.  GAB  AND  BROTHER  MAE  ENEEGV 
0/0617   LETTER  REGARDING  COMMENT    IN  SUPPORT  OF 
THE  AMERICAN  PETROLEUM  lHBHTUTE'B 
RESPONSE    10   THE  EPA '  S  APRIL  .'0 
1907    INTEEILI  REPORT  T 1 TEED    "WASTES  PROM 

tut;  explora mon 

hi:  veu444ent  and  production  01-  crude  oil 
natural  gas  and  geothermal  energy " 
c/o61.0  let  7  er  regarding  gunmen  ts  on  fart  u 
geothermal  energy  u;    i !  ie  ape  u.  30 

1  907 

1907    INTERIM  RLPORl    ON  OAs .  I  O.i   FROM  THE 
EX  PI  ORA  !  f  ON 

DEVLI .( )!  'MIST!    AND   PRODUCT  U  Ei  0!     CRUDE  FOE 
NA"I  ORAl  .   GAB   AND  GEO  i  HLI  CHAT    T  NEEGY 
B7O620  LETfEE   TO  RODI  FN    W,    1 1  ALL,  EEGAI  0>  I NG 

COMPARISON   01-    LIT   WASTES  USED    UN  COLUMN 
J  STUDIES   TO   WA.OGG   FROM  20   SAMPLED   :.FFl  ES 

'    '  '  '    MEMORANDUM  1 40  .AR'D  I  MB  MEET  I  NO  WITH 
AMLRICON   !  V.  !  ROE!  .UN   1MB  I  EM  J  IT. 
'  •{    070626   ELMER    I  0    DAN    DOEFfHS   REGARD  I  NO 
BE VI  .N  i  FEN    DAMAGL  CAGES 
IN  I  FROM   RLB0E4    (JUNTA  [  N  LH.Gl  FAD  I.  MB 
INI  GIB  i  AT  I  i  4!   AND    I  NALT4;4  )PE  1  ATE 
1  4404444  2  0  I  I  ONB 
BOOMS  20   10  ".  I  I  PR    10   DAN   DREL4ES  REGARDING  VERBAL. 
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B  TODY 

07062O  G  E  M  E  R  I'D  401  IN  BAU.IN  REGARDING  AIR 
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AO  P.M..  00 
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NATURAL    GAB   AND  GEO  U  IEEI1AI  ENERGY 
G70GI.S   0  I  i  J  7  FN  '  3   I  I A  LI  DROOL.   ON   WATER   SUAE  I  TY 
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S70SOB   LETTER    10   EGBERT   HALL    ! 4:. BARD  1MB  COST 
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I    I CG-OGEA-  SOS  12  B70G0G  LETTER  TO  ROBERT  HAL L  REGARDING 

CORRECTIONS  ON  DRAFT  DAMAGE   CASES  FROM 
OKLAHOMA   FOR   ERA'S  REPORT   TO   CONGRESS  ON 
WASTES'  RELATED  TO  THE  OIL  AND  GAS 
INDUSTRY   LETTER   OF   MAY  1 
1937 

88--0GRA--S0M3  990909   CATEGORIZATION   OF   ERA   DAMAGE  CASES 

22-KT  F-83-0GRA  -30614  870022  LETTER  TO  DAN  DERKICS  REGARDING 

1  TECHNICAL   REPORT   ON  FIELD  SAMPLING  AMD 

?  ANALYTICAL  RESULTS 

<^L>V~\   E-8B-GGEA~b'06U\.  G7O027  ARCTIC   NATIONAL  WILDLIFE  REFUGE : 

UNANSWERED  QUESTIONS?    PUBLIC  FORUM 

'22Lb|    F~-8e--0GRA~S0616  B70S29   LETTER   TO   DAVE  FLANNEEY  REGARDING 

INFORMATION  ON  NEST  VIRGINIA  DAMAGE  CASE 
NUMBER  WV  17 

2JLkiZ,  F--BB-T)GRA-S06.1. 7      «        •  070029  EE  1"  ITER  REGARDING   INTERIM  REPORT  ON 

WASTES  PROM    THE  EXPLORATION 
DEVELOPMENT 

AMD  PRODUCT! ON  OF   CRUDE  DIE 
NATURAL.   GAS  AND   0  EOT  HERN  AL  ENERGY 
F-"8B-0GEA-GO6iD  07O612  L CTTER  REGARD I  NO  ORAL.  COMMENTS  UN  THE 

EPA    TECHNICAL   REPORT:    WASTES  FROM  THE 
EXPLOEAT 1  ON 

DEVELOPMENT   AMD   PRODUCTION  01-    CRUDE  OIL. 
MA  ill  I  sAL,  OAS   AND  GEO  Tl  ILEHAL  ENERGY 
F-GGHTGRtVOOSIV  G/06<>T   ALF-OO   Mi  E.  i  INS  DRILLING   ELi.UD  VOLUME 

EST I  MAI  E 

F~O0  OGEA--G0620  U70600  FETTER  REGARDING    INTERIM  REPORT  APRIL  So 

!.9f)/--  WASTES  FROM   Tl  i  t  S  ['-'.  XT'!  OEAT  I  ON 
DEVELOPMENT 

AMD  PRODUCTION  OE   C Til. IDE  OIL 
NATURAL.   GAG   AND  GLUT!  IL'ETIAL  ENERGY 
F-T]0  'OJ(:iRA-S062i  9 90909  EEEI'E.R  Rf  I  ?A! <\)  f  iTG  UOHPI  J  NO  SURVEY 

GONDUC I  ED  MY  'OIL:  HEALTH  l)E!  'ARTMENT  SINCE 
\'<l  'LA  TED    10  OIL  ALIO  GAG  OPEEATUING 

F--FJO  0GEA-SO672  H/060U   I  .E  I  TL-  Is   REGARDING    INFORMATION   ON  FIELD 

ENFORCELiLMI    f  *F!  ;SOL!NEL   AND   I  HE  I  R    01  IT  TEH 
Ol.  SO  ORGAN  J  /  A!  10NAL  EEIAR  I    OT  Nil 
RAII  ROAD   COHLUSS  L  ON  OF  TEXAS   OIL  AND  GAS 
01  V.L  S  f.  ON 

E--GBOTGRA- -00620  |!/i.)nOH   LETIEK   RE  GORJ )  I  NO   DAMAGE   COS,..:.,    H  ILEUM  ICoL 

EFFORT:;    WASTI  G  IRON  THE   L  XPEUi  <AT  J  UN 
DEVLEOETIEN  T 

AND  PRODUCT] ON  OF  CRUDE  OIL 
NATURAL   GAS   AMD   GEO THERMAL  ENERGY 
AN    INTERIM  REPORT  ON  NISI  HODULOGY  FOE 
DATA   COLLECTION  AND  ANALYSIS 
F'S.3GH.)GRA-~G062<1  870609  L.ETTE.R   REGARDING   STAT  EHENTS  PROM  THE 

e;amsas  riesronse  to  era's  summary  or 

"  DAMAGE.   CASES'*    INVOLVING  Oil..   AND  GAS 
OPERATIONS   IN  E ANSAE 
F-"G0'-0GRA"TK>62G  070610  LETTER   REGARDING   ELK! ARES   CONCERNING  THE 

"DAMAGE  CASES" 
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flay  29,  1987 


My.  Dave  Flannery 

Robinson  and  McElwe© 

600  Kanawha  Banking  &  Trust  Center 

Charleston „  West  Virginia  25301 

Be:      Letter  of  Maf  25 f  198? 

D@ar  Dave: 

This  is  in  response  to  your  request  for  further 
information  on  West  Virginia  damage  caae  number  WV  17.  1 
have  enclosed    copies  of  our  file  in  this  ease. 

I  would  like  to  point  out  that  WV  Cod©  22B-1-20 
requires  an  operator  to  cement  a  string  of  casing  30  feet 
bslow  all  fresh  water  zones.  At  the  time  the  permit  was 
issued  concerning  this  well  the  Division  had  no  knowledge 
that  the  Pittsburg  sand  was  a  fresh  water  source.  This  is 
because  in  certain  areas  oil  and  gas  is  produced  from  the 
Pittsburg.  With  this  case  however ,  the  division  discovered 
the  problem  and  took  the  following  steps  to  remedy  the 
situation:  1)  We  had  a  geologist  sap  the  Pittsburg  sand  in 
the  Roane  and  Jackson  county  area  so  that  our  permits  group 
and  enforcement  group  knew  where  that  sand  could  be  found. 
2)  We  required  ©very  well  drilled  is  the  area  to  have 
casing  cemented  up  over  the  Pittsburg  sand.  Tibia  in  itself 
added  eight  per  cent  to  the  total  cost  of  drilling  a  well  in 
the  area. 

I  hope  this  helps  claifiy  the  situation  and  if  you  have 
any  further  questions  feel  free  to  contact  roe* 


Sincerely  0 


Ted  H.  Streit 
Deputy  Director 

Inspection  aad  Eisfore©m©&t 
Dlvslon  of  Oil  md  Gas 


TMS:las 

EnclSo    (as  stated) 
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STATK  OF  WEIT  Vf/TOINIA 

DEPARTMENT  OF  MINES 
OIL  AND  GA3  DIVISION 

WELL  RECORD 


Caainjr  and 
Tubfntf 


Sfeo 


Company. ..£5?:^.?.?? ^...P.^^^ 
Addro^.L.H^ 

F«rm..(..»-F.*?Jyr.o  A^ieM|] 

Locatitn  (waters)  !1I^„?¥*S?5  

Well  No  J.  ElevSM.g  

District  K.iP.^X  -...County  ISS&ftgH  

The  surface  of  tract  in  owned  in  fee  by......;-.  

Mineral  rights  are  owned  by,..  35%7.!!.0..ti?.f! 

.9JR*JLZ^  5  a/10....  

D*UItofcCOIll^   3  

Drilling  completed  S*T...Wf :.i?tt.i„.™.    

Date  fti^'J^  of  abot§ll?L P. ..  SISOners  Used  

Open  Flow  /lOths  Water  in.. 
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 6^62^000 


..Inch 
..Inch 
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Oil  or  Gaa  WdL-  .P.**..., 
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 00  


Mm 


Packers 


Kind  of  Packoj.  


Size  of.... 


Depth  set.. 


Pcrf .  top  

Perf.  bottom,. 

Pcrf.  top  

Perf.  bottom... 


Rock  Treasure  . 
Oil  „  „. 


1890 


..lbs.. 


JUL 


....Cu.  Ft.    CASING  CEMICNTED.Q-5/SPZE...&7G  .„No,  Ft.5/2§/*l...nnte 
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Freah  water.. 
Salt  water... 
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1620 


..ftet... 


 -  bbls,,  1st  2i  lira.    COAL  WAS  ENCOUNTERED  AT  „-FEET,  .....INCHES 

 595  feet  FEET  INCHES. 

»*>   fect   


..FEET  „  INCITES.. 


FEET.  INCHES 

FEET.  INCHES 


Formation 


Color 


Sell 

Red  Koek 
Blue  Slate 

n 

ax* 

Sand 
slate 
Red  Rook 
Sand 

Red  Rook 
Sand 

Red  Rock 
Sand 
Slate 

Sand 
Red  Rook 
Snnd 

Red  Rock 
3  and 

31« te  k  sh^lle 
Sand 

Slate  &  shells 
Sand 

Blum  Slate 
Red  Rook 
Slate 
Sand 
Slate 
Red  Rock 
8  find 
Slate 
P.6d  Kock 
Slate 
Sand 
Slate 
Sand 
Slat* 
Sand 
31a  to 
Sand 
Slate 


Hard  or 
Soft 


A- 


if 


v 


Top 


0 
17 

47 
77 
117 
165 
210 

270 
500 
3G0 
365 
410 
420 
430 
530 
545 
575 
616 
703 
738 
760 
775 
800 
£40 
010 
955 
975 
1025 
1045 
1065 
1075 
1231 
1251 

iaea 

1234 
1294 
1365 
1390 
1445 


Rollom 


17 
47 
77 
117 

lea 

£10 
255 
255 
275 
300 
560 
365 
410 
420 
430 
530 
545 
575 
G16 
703 
738 
760 
775 
800 
840 
910 
955 
075 
1025 
1045 
1065 
1075 
1251 
1281 
1206 
1204 
1294 
1365 
1390 
1445 
1490 


Oil,  Gas 
or  Water 


Depth 
Found 


Water 


500' 


Remarks 


(Over) 


t 


Formation 


Sand 

Slate 

Sand 
Slat* 
Send 
Slat© 

Lime  Shell a 
Slate  &  Stella 
Salt  Sand 
Little  LlH« 
Big  Ltae 
Injun  Sartf, 
Lime 
Slate 
Sand 
Sl&te 
Litae 
Slate 

Lime  Shfclis 
Slate  &  si  ells 
Lime  Gritty 
Slate  &  afcella 
Slate  &  alalia 
White  elate 
Slate  h  alells 
Brown  She]© 
Slate  k  Stella 
Brown  Shale 
White  Slate 
Brown  Shale 
Slate  &  Shells 
White  Slate 
Brown  Shalje 
Slate 

brown  Shalje 
Blue  Slate 
Blacic  Shale 
Cornif erouo  Lime 
Oriakany  qond 
Line 
Sr.nd 
Line 

S£vnd 

Llrae 

Total  Depth 


Color 


ITard  01 

Soft 


Top 


1490 

1550 

1575 

1595 

1600 

1620 

1630 

16  53 

1700 

1G85 

1010 

1960 

1975 

2010 

2020 

£050 

S01A 

2068 

2075 

2110 

2470 

2500 

2550 

2650 

3580 

3717 

37  SO 

5980 

4056 

4170 

4270 

4500 

4420 

4445 

4710 

4820 

491£ 

500 o 

5111 

5171 

510C 

51GB 

5200 

5204 


Bottom 


1550 
1570 
1695 
160C 
1620 
1830 
1650 
1700 
1885 
1910 
1960 
1975 
2010 
£020 
203G 
2040 
206B 
2075 
2110 
2470 
2500 
2550 
2350 
3580 
3717 
3760 
5980 
4050 
4170 
4270 
4300 
4420 
4445 
4710 
4025 
4012 
500? 
5111 
5171 
5106 
5198 
5200 
5204 
5210 
521C 


01!,  Gas 
or  Waf  er 


ftater 


later 


Depth 
Found 


Rcracrka 


1520' 


1790* 


One 


Gnn 


Hole  Ft 
fc'Ith  75 
5113* 


Well  dr 
SfcK.Cort 


drillers 
Leslie 


3760' 


4105* 


to 


led  to  51^0 
Qts  Glycerine 
5150'. 


Sho* 


Show 


f  shot 

£  I*  0751 


lied  by- 

Drilling  Contractor 


l  parr 


PicJins 


G 

APPROVED 


1  Y)?te/tf£.&#.J^„.  _ 


'  (Title) 


^,.„....r  Owner 


FORM  OQ  * 


STATE  OF  WEST  VIRGINIA 

Department  of  mines 

OIL  AND  GAS  DIVISION 


AFFIDAVIT  OF  PLUGGING  AND  FILLING  WELL 

AFFIDAVIT  SHOULD  DE  MADE  IN  TRIPLICATE,  on*  copv  mailed  to  thi  oepaittwcht.  ohk  copv  to  pc  rctainid  ov  tmc 

WELL  OHRATOR  ANDTHCTHIBO  COPY  (AND  K  ■<  T  IT  A  tQPin  IF  HftQUIRID)  (MOULD  BE  MAILED  TO  EACH  COAL,  OPERATOR  AT  t  m:  I  n  FTHPSCTIVE 


COAL  OPERATOR  OH  OWHIB 


llnltnd  nnrhon  Cnnpflw 

HAM  X  OF   WILL  OrKHATOK 


COMFt-rilt  ADOHEH 


COAL  GPtRATOU  OH  OWMH 


   .19.  dO- 

WELL  AND  LOCATION 

Jiipl.QJ_  __Dfotrict 


..County 


LIAII   OR  PROPERTY  OWNI1 


Well  No.. 


..Farm 


STATl 


t  SUPERVISING  PLUGGING.. 


STATE  OF  WEST  VIRGINIA, 
County  of  JGC^COn  


AFFLDAVJT 


..ancL 


ChcirllG 


being  first  duly  sworn  according  to  law  depose  and  say  that  they  are  experienced  in  the  work  of 

plugging  and  filling  oil  and  gas  wells  and  were  employed  by  QtlG J^Otom  ^BT^QO^W,* 

well  operator,  and  participated  in  the  work  of  plugging  and  filling  the  above  well,  that  said  work 

was  commenced  on  the.  .?*Lday  of.—  fllki   ,  and  that  the  well  was  plugged 

and  filled  in  the  following  manner: 


(AND  OR  XONK  RECORD 


ronwATiOH 


COAL  SEAMS 


FILLING  MATERIAL 


Puiiod  oiec 


aot  frridco  at  poop* 


50  SS1^  totton 


Filled  froa  tD  DOlfi' 


Sana, 


"Cut  &  r^jJJc^ 


Sot  brldgcTat)  £10^ 


Cut  and  puiifcd~l64£ 


2llOf  tD  210B1  *  tfith  ocnonfc" 


Tilled  froa 


f HAM El 


sat  torsade  g«  utm* 
TUX  fron  1CP6«  To 


JtaU*4  1016* 


Filled  fro-  BSC1  to 


~Sot~T>rid£o 
TilXolT^OD 


ixroctod  monument  as 


of  2"  tubing. 


of  %* 


1  of  O  D/8P  ooalagi 


EWE* 


10"  of 


LdC  to 


and  f 


B««  o» 


PLUGfl  USED 


■  rlc  a  KtND 


ovc  shot  bole 


With  oeaont 


Uod  to  1OT 


ilea  to  ISse1 


MI:  II  to  1DD5*  t 


loao*  \  itu  oeacrrU 


■2?id  duijjpefl  i3  sacks 


end  filled  to 


Kith  o;.oy 


c^sont  oft  Dra&ge 


CIO 

LEJT  IN 


vjith  ol ifly  A  stone 


itu  oic\y  &  ctonc 


^nd  dunped  STeoeko  ceoont  on  bridge 


XTeocilatiGd  by  lav?* 


d  filling  snid  well  was  completed  on  the..  


10 


day  of 


And  further  deponents  saith  not.  ;{!  \it1u 
Sworn  to  and  subscribed  before  rrtftttlls^^^^r  day  of. 


My  commission  expires. 


Permit  No  


| 


■ 


■ 


FORM  OG-t 


NOTICE  OF  PROPOSED  LOCATION  OF  OIL  AND  GAS  WE'LL 

(Riouibeb  by  Section  a.  chaptitr  22.  code  u»3i> 

WEST  VIRGINIA  DEPARTMENT  OF  MINES 

OIL  AND   GAS  SECTION 

To  The  Department  of  Mines, 
Charleston.  \V.  Va. 


UNITED  CARBON  COMPANY 


COAL   OPERATOR   OR  COAL   OWNER  NAME  Of  WELL  OPERATOR 

   _._B0X  1475,  CHARLESTON,  W. _ ,;'A 


COMPLETE  ADORE: 


JUNE  4,  194-1 


COAL  OPERATOR  OR  COAL  OWNER 

PROPOSED  LOCATION 


ADDRESS 


Ripley 


F.  F.  Starcher,   Jackson 


NER  OF  MINERAL  RIGHTS 


umty 
0  -a  «-  / 


809  Fifth  Aveirae,  .  S*  "  ih°  3„ 
Huntington,  W.  Va  »  Well  No  .  Ijz&uJI&L  

ADDRESS 

„  ^_--Fr^._S.tar.cher-,^mln<*r-:il'r,rrii 
Qmnmm:  Eph  Stewart,  surface 

The  undersigned  well  operator  is  entitled  to  drill  upon  the  above  named  farm  or  tract  oi'  hn\d  for 
oil  and  gas,  having  fee  title  thereto,  (or  as  the  case  may  be)  under  grant  or  lease  dated  „  

 December  30j  1941  f  made  by  F.  F,  Starcher  }  to 

 Mlim^-CAHMILJIMPAM  :  and  recorded  on  the„Jth  _.day 

nf  January,    1941  ,  jn  the  office  of  the  County  Clerk  for  said  Covnty  in 

Book  23_  ,  page     ^31  . 

The  enclosed  plat  was  prepared  by  a  competent  engineer  and  shows  the  proposed  location  of  a  well 
to  be  drilled  for  oil  and  gas  by  the  undersigned  well  operator  on  the  farm  and  in  the  Magisterial  District 
and  County  above  named,  determined  by  survey  and  courses  and  distances  from  two  permanent  point;],  or 
land  marks. 

The  undersigned  well  operator  is  informed  and  believes  there  are  no  coal  operators  operating  beds 
of  coal  beneath  said  farm  or  tract  of  land  on  which  said  well  is  located,  or  within  500  feet  of  the  bound- 
aries of  the  same,  who  have  mapped  their  workings  and  filed  their  maps  as  required  by  law,  excepting  the 
coal  operators  or  coal  owners  (if  any)  above  named  as  addressees. 

The  above  named  coal  operators  or  coal  owners  (if  any)  are  notified  that  any  objections  they  may 
desire  to  make  to  such  proposed  location,  or  which  tbey  are  required  to  make  by  Section  3  of  said  Code,  if 
the  drilling  of  a  well  at  said  proposed  location  will  cause  a  dangerous  condition  in  or  about  their  respective 
coal  mines,  must  he  received  by,  or  fded  with  the  Department  of  Mines  within  ten1*  days  from  the  receipt  of 
m  copy  of  this  notice  and  accompanying  plat  by  said  Department.  Said  eoal  operators  are  further  ratified 
that  forms  for  use  in  making  such  objections  will  be  furnished  to  them  by  the  Department  of  Mines 
promptly  on  request  and  that  all  such  objections  mrst  set  forth  as  definitely  as  is  reasonably  possible  the 
ground  or  grounds  on  which  such  objections  are  based  and  indicate  the  direction  and  distance  the  pro- 
posed location  should  he  moved  to  overcome  same. 

(The  next  paragraph  is  to  be  completed  only  in  Department's  copy.) 

Copies  of  this  notice  and  the  enclosed  plat  were  mailed  by  registered  mail,  or  delivered  to  the  above 

named  coal  operators  or  coal  owners  at  their  above  shown  respective  address  day  .  before, 

or  on  the  same  day  with  the  mailing  or  delivery  of  this  copy  to  the  Department  of  Mines  at  Charleston, 
West  Virginia, 

Very  truly  yours, 


UNITED  CARBON  COMPANY 


£>'   -,fT.-;>  ;*r  m  U  {   [r     .  '  Address 


WELL  OPERATOR 


BOX  1475 


^m,:,^!  *  ~-    j  ,   of        j,  CHARLESTON 
Well  Operator 


STREET 


CITY    OR  TOWN 

WEDT  VIRGINIA 


♦Section  3  ....  If  no  such  objections  be  filed,  or  be  found  by  the  department  of  mines,  within  said  peviod  of 
ten  days  from  the  receipt  of  said  notice  and  plat  by  the  department  of  mines,  to  said  proposed  locution,  the  depart- 
ment shall  forthwith  issue  to  the  well  operator  a  drilling  permit  reciting  the  filing;  of  such  phi:,  that  no  ohii  cttona 
have  been  made  by  the  coal  operators  to  the  location,  or  found  thereto  by  the  department,  and  that  the  &r::\v>  is 
approved  and  the  well  operator  authorized  to  proceed  to  drill  at  said  location. 


Permit  No. 


Joc-160 


State  or  West  Virginia 
DEPARTMENT  OF  MINES 
OIL  AND  GAS  DIVISION 

WELL  RECORD 


Oil  or  Gas  Well... 


Casing  and 
Tubing 

Used  in  J 
Drilling 

Left  in 
Well 



 .  .  ■ 

Packeru 

16  

  ...  -  _   

Kind  of  Packer...  ,. 

13  

000 

KfS/4- 

1153 ? 10" 

1158*10" 

t),r5/8» 

2153* 

2155' 



5067  ? 

5067* 

Depth  set  

'  5  3/16  

Pcrf .  top  

5197  * 

Perf.  bottom  

Pcrf.  top  

Perf.  bottom  

Aciaress.^?!.^?....?.^]??0...  Bld.8>.  Char  1©  a  ton. ,  W .  V  a . 


35. 


Location  (wntcra)  Station  Camp  Run,,  MI  11  Creek 


Well  No  4-.  Ele 


862.76 


District  County....^.?M^.. 


The  surface  of  tract  is  owned  in  fee  by  

Z£&3£S££L.  A.idras.. 

Mineral  rights  are  owned  by  

LtZ.^?.^?.???.?  Address.„.l^.^MMt^L^!lrya* 

Drilling  commenced  ^^..A?  » 

Drilling  completed  S©.pt.?. 21*1941 

Date  shot...: 
Open  Flow 

  /lOths  Merc,  in  Inch 

Volume.  2^394,000  ,  „„.  Cu.  Ft. 

Rock  Pressure  ..   1820  lbs„  nA 

Oil  

Fresh  water  -  feet... 

Salt  water.. 


32  /ioth3  Water  in  .7..W.9*. ? *  Inch 


:!*  hrs. 

..bbls.,  1st  24  hrs. 


CASING  CEMENTED..?X.?^IZE..!?.^.?.....N o.  Ft  ,  Date 

7to0*D<     207*     •  8/6/41 


810 


COAL  WAS  ENCOUNTERED  AT  FEET  INCHES 

670 

'  ^  ..FEET  INCHES  FEET  INCHES 


.MM  J  feet  M.?.?.  feet   FEET  INCHES.., 


..FEET  INCHES 


Formation 


Sail 
Rock 
Slate 
Hock 
SI  at  e 
Bock 
Slat© 
Rock  • 
Shells 
Sand 
Shells 
Rock 
Sand 
Hook 
Slate 
Rook 
Slat® 
Sand 
Rock 
Slate 
Semi 
"  Co&l 
' " Slate ' 
Send 
Slate  E 
Sand 
Slat© 
Rook 
. Slate  & 
Sand. 
Rock 
Slate  & 
Rock 
Slute 
Hock 
Slate  & 
Sand 
Slat©  & 
Slate 
Slate  & 
Sand 


Colo 


Rod 
Red 
Red 
Red 

Red 
Red 
Red 

Red 


shall  a 


Red 

shells 

Red 
shells 
Red  • 

Red  ( 
shells 

shells 

I  WM  te 
snells 


Hard  or 
Soft 


Top 


0 
16 
SO 
60 
120 
125 
175 
180 
245 
£60 
280 
315 
340 
420 
433 
495 
525 
545 
555 
600 
625 
.670 
675 
700 
717 
775 
840 
352 
860 
8S0 
.  910 
\  985 
'  1010 

rlOfiO 

1,065 
1075 
1275 
1515 
IS  50 
1365 
1570 


Bottom 


16 
30 
60 
120 
125 
175 
180 
245 
260 
2S0 

s:  & 

540 
420 
453 
465 

525 
545 
555 
600 
625 
670 

700 
717 
775 
840 
852 
860 
830 
910 
965 
1010 
1050 
1065 
1075 
1275 
1315 
1550 
1365 
1570 
1410 


Oil,  Gas 
or  Water 


Water 


Depth 
Found 


sea1 


Remarks 


boiler  Di 


(Ovi.T) 


Formation 


S 


Slat© 
Shells 
Salt  Sand 
Slate 
Sand 
Slat© 
Sand 
Slate 
Lime 
Sand 
Lime 
Sand 
Slate  k 
Slat© 
Slate  & 
Shale 
Slate 
Shale 
Slate 
Shale 
Shale 

Cornlf  ©rou|s 
Orlskany 
Lime 
Sand 
Lime 
Total  Depth 


hp  lis 
White 
lis 


shs 


Sand 


Color 


Black 


Whit© 
Brown 
White 
Brown 
Black 
Lime 


Hard  or 
Soft 


Top 


1410 
1428 
I4o4 
1475 
1600 
1620 
1640 
1660 
1750 
1765 
1950 
2080 
2155 
2960 
5700 
4040 
4080 
4200 
4270 
4750 
4985 
5049 
5158 
5212 
5224 
5230 


Bottom 


Oil,  Gas 
or  Water 


1428 

1454 

1475 

1600 

1620 

1640 

1660 

1750 

1765 

1950 

2080 

21  55 

2960 

5700 

4040 

4030 

4200 

4270 

4750 

4985 

5049 

5158 

5212 

5224 

5236 

5244 

5244 


Water 
Water 


Gas 


Pilled  up 
Shot  froifc 
80  qts* 


to  5206 1 

5161* to  $201 *  Wi 
glycerine* 


Well  drilled 
S.a.Car 


Drillers- 

Rube  Picklne 
L . E  * Sparr 


Depth 
Found 


1445? 
1455* 


4200 * 


by- 

» Drill lag 


Rcai  a  $' ■; 


hoi©  i: 


Gontrae1 


1 


AMY  '1    /O  'y'/  -  c'-hO  '  — C: 


/'  //yrc>    /7c-/.' o 


I 


/  \-:   

SiA'rr  ok  Wrs 

r  Virginia 

/                    !  ]']" 
i    •  \.': 

O !  1     A  N'  I)    {."*»  A  : , 

UlVr>li'>N 

1                !  . .  .  • 

j  ! 

W  1 

■f  D<:i 

ILL.    i.OC  A 

1  L)  N  M 

I  i 


8tatk  of  Wist  VmotNiA 
DEPARTMENT  OF  MINES 
OIL  AND  OAS  DIVISION 


WELL  RECORD 


Permit  No*J^Ct^^Leflm 


Oil  or  Gas  WeH™.M5.  


Company. 
Addrens. 

FarmuJIfltiftln  Hr.  ..SlUcflifcgv 
Location  (wotcre)-^24^iUaa33aaagjt. 
Well  No — l,.(fiffTrftS) 


fifltfPJEISL-- 


Casing  and 
Tubing 


DtotricU.JB3»P&ff.    .....Countr.~s8&feg%9  

The  surface  of  tract  is  owned  in  fee  by, .  S&TBlfl  Q..Bja..MSkfffe, 

 ,  „,'  ---  ,■,,-■■'■„-,**-*  ^ddTO8^TMn^^»..^fl^y^A 


18.^$*... 


Mineral  rights  are  owned  by.. 


-Address.. 


Drilling  commenced^ 


63/16  

8  


Drilling  complete*  

Date  I 

With   *  68^(Ktf-fl»tatta 


Liners  Used.... 

Jkn  


Open  Flow 


/lOths  Water  !n« 
/lOths  Merc  In, 


.Inch 


Used  In 
Drilling 


JbBSESSL 


JDSBKXL 


Left  In 
Well 


J023!L 


Packers 


Kind  of  Packer.. 


Slxeoj 


Depth  set  


Perf.  top  

Perf •  bottom............. — 

Pcrf.  top.™™.-™....., 

Perf.  bottonLm.M.w«.**« 


.Inch 


CASING  CEMENTED  SIZE..... 

 &OH2sm^«&&.. 


 .No.  Ft— 


-Date 


Fresh  water. 


Salt  wat< 


hre    C0AL  WAS  ENC0UNTERED  AT~ 
-13   FEET..  .INCHES.- 


JFEET... 


.INCHES  


...  ..-FEET.. 

i 

 «J*EET, 

( 

MHFEET». 


^INCHES 
NCHES 
—INCHES 


'Formation 


£&d  Book 

SJpaA  Boite 
Blno  SXato 
Ecd  Bcm^c 

Slot© 
Bed  Soc2c 
Stat*  &  Stelfa 
.  XtoXot  9(Kid 
Bod  Hoik 

JJjEO' 

Eed>Hook 

.'Hod  ^oo3c 
.Sandy  1Am9 
Tted  Book 
State  4  3h6S|8 
Bod  Hoctc 

£*d  Bocae 
Sand 

Bits*  Slat* 

filttto  Shall: 
Sand 

Rod  Book 
SlAt*  Shells 


Slat©  Shall* 
Bod  B<Wfc 
Slat©  6  Bhel » 
Jted.Bock 
Sttidy-'^li'ia 

IThlto  81a*te 
Tall©*  Eoofc 

SIAto  £  Shall!  a 


Color 


Hard  or 
Soft 


Top 


Bottom 


1*5 
I460 

U90 

5*5 

555 
600 
6x0 
612 
662 
692 

7C5 
750 

795 
915 

GbO 

926 

991 
1C20 

105c 

1050 
1015? 


Oil.  Gas 
or  Water 


Depth 
Found 


397 


?>0 


Remarks 


5^ 


(Over) 


[ES™_  yjEET;-.«_  INCHES 


I 

1  ?;;V;S{^»d  Hook 
k  V\V'     B*d  Hook 

..'  K«d  &ook 

;,v:  •i,[.'*;;8tttd'^"!'-i; .. 

-Ji.  Hhlt*  Sl_ 

-  f  j-M  81»t«  ft  Sh«r& 

Book,-.**/ 

•:w  /'  -;^':-.!  . 

.  '.Bookv 


JmL- 

iiVijTSv.v**:-.! 


*  ^BB^^^M^^^^^■B■^■■Bl■■B■■^w■■MB■l■ll■■llll  ■■■■ 


illli 


■  \ *  ■.  I 


■.-..'s*i         -V  ;  I 

/  .  ■  1 
■.  I 


■  ■  : 


■  -  ••>  r.w.,-  . •  I 
::-.-;-.->^,t-;s-V;..,  .■•:.»■  I 

:  - 

I  ;    *  I 

:   A/  -'-' 


ES?^;.«*:i. .. 
«8m  ■ 


"Mm 


WW* 


:•  ;-:.^>:;b«r^:?arit;-.  • 

■-v■^^B^^ml^^H>l^^v<:-: 
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Integrating  Fracture-Mapping 
Technologies  To  Improve  Stimulations  in 

the  Barnett  Shale 

M.K.  Fisher,  SPE,  C.A.  Wright,  SPE,  and  B.M.  Davidson,  SPE,  Pinnacle  Technologies;  A.K.  Goodwin,  SPE, 
E.O.  Fielder,  SPE,  W.S.  Buckler,  SPE,  and  N.P.  Steinsberger,  SPE.  Devon  Energy  Corp. 


Summary 

A  large  hydraulic-fracture  diagnostic  project  was  undertaken  in  the 
summer  of  2001  that  integrated  fracture-diagnostic  technologies, 
including  tiltmeter  (i.e..  surface  and  downhole)  and  microseismic 
mapping.  The  extensive  data  gathered  resulted  in  a  much  clearer 
understanding  of  the  highly  complex  fracture  behavior  in  the  Bar- 
nett shale  of  north  Texas.  The  detailed  fracture-mapping  results 
allowed  construction  of  a  calibrated  3D  fracture  simulator  that 
better  reflects  the  observed  mechanics  of  fracturing  in  this  frac- 
tured-shale  reservoir.  More  than  just  simple  calibration  was 
required,  indeed,  a  whole  new  understanding  of  fracture  growth 
was  developed. 

The  Barnett  shale  has  seen  a  rebirth  of  drilling  and  refracturing 
activity  in  recent  years  because  of  the  success  of  waterfracture,  or 
"light-sand,"  fracturing  treatments.  This  extremely  low- 
permeability  reservoir  benefits  from  fracture  treatments  that  estab- 
lish long  and  wide  fracture  "fairways."  which  result  in  connecting 
very  large  surface  areas  of  the  formation  with  an  extremely  com- 
plex fracture  network. 

Understanding  the  created- fracture  geometry  is  key  to  the  ef- 
fectiveness of  any  stimulation  program  or  infill-drilling  program, 
particularly  in  this  area,  with  its  nonclassical  fracture  networks. 
In  teg  rated -fracture  diagnostics  have  led  to  the  identification  of 
new  fracturing  techniques,  as  well  as  additional  refracturing  and 
infill-drilling  candidates.  A  new  method  for  evaluating  large  mi- 
croseismic data  sets  was  developed.  Combining  the  microseismic 
analysis  with  surface-  and  downhole-tilt  fracture  mapping  allowed 
characterization  of  the  created-fracture  networks.  Correlations  be- 
tween production  response  and  various  fracture  parameters  will  be 
presented  along  with  a  discussion  of  methods  for  calibrating  a 
fracture  model  to  the  observed  fracture  behavior. 

Barnett  Basics 

The  Mississippian-age  Barnett  shale  is  a  marine  shelf  deposit  that 
unconformably  lies  on  the  Ordovician-age  Viola  limestone/ 
Ellenburger  group  and  is  conformably  overlain  by  the  Pennsylva- 
nian-age  Marble  Falls  limestone.  The  Barnett  shale  w  ithin  the  Fort 
Worth  basin  ranges  from  200  to  800  ft  in  thickness  and  is  approxi- 
mately 500  ft  thick  in  the  core  area  of  the  field.  The  productive 
formation  is  typically  described  as  a  black,  organic-rich  shale  com- 
posed of  fine-grained,  nonsiliciclastic  rocks  with  extremely  low 
permeability,  ranging  from  .00007  to  .005  md.  The  formation  is 
abnormally  pressured,  and  hydraulic-fracture  treatments  are  nec- 
essary for  commercial  production  because  of  the  low  permeability. 

The  first  decade  of  Barnett  shale  stimulation  treatments  was 
dominated  by  massive  hydraulic- fracture  treatments  (more  than 
one  million  lbm  of  proppant  carried  by  highly  viscous  gel  sys- 
tems). Production  was  variable,  with  wells  producing  up  to  1  Bcf 
estimated  ultimate  recovery.  In  1997,  Devon  Energy  (formerly 
Mitchell  Energy)  began  experimenting  with  waterfractures.  or 
light-sand,  fracturing  treatments,  which  were  at  the  time,  being 
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successfully  applied  in  the  Cotton  Valley  sandstone — a  tight  gas 
reservoir  approximately  100+  miles  to  the  east  of  the  Fort  Worth 
basin.1  The  waterfractures  were  successfully  reintroduced  into  the 
Cotton  Valley  because  of  the  then-current  lack  of  commercial 
viability  for  large,  expensive  cross-linked  fracture  treatments  in 
that  reservoir.  Devon  believed  truit  similar  success  would  be 
achieved  in  the  Barnett  shale  with  large-volume  slickwater  treat- 
ments and  subsequently  experimented  with  several  versions  of 
these  treatments  before  evolving  to  the  current  design.  Today, 
depending  on  the  location  within  the  Barnett.  viability  of  limestone 
barriers  surrounding  the  Barnett  intervals,  and  net-pay  thickness,  a 
"typical"  Barnett  treatment  may  consist  of  750,000  gal  of  slick- 
water  and  80.000  lbm  of  proppant  pumped  at  60  bpm.  with  prop- 
pant  concentrations  averaging  0.1  to  0.5  ppg  throughout  the  treat- 
ment. The  lack  of  gel  solids  in  the  fracturing  fluid  is  believed  to 
contribute  to  longer,  more  complex  fractures  and  additionally, 
leave  no  gel  residue  or  filter  cake  behind  that  may  damage  the 
fracture  conductivity  in  these  treatments.  Because  of  the  low- 
permeability  nature  of  the  reservoir,  it  is  imperative  that  extremely 
large  fracture-surface  areas  are  created  by  the  fracture  treatments 
The  use  of  light-sand,  or  waterfracture.  treatments  has  consider- 
ably improved  both  the  production  performance  and  the  economics 
in  this  reservoir.  Because  of  its  extremely  low  permeability,  the 
drainage  distance  from  the  fracture  face  is  very  small. 

Introduction 

The  classical  description  of  a  hydraulic  fracture  is  a  single  biwing 
planar  crack  with  the  wellbore  at  the  center  of  the  two  wings. 
However,  almost  all  physical  fracture  verifications  performed  to 
date,  from  corethroughs  to  minebacks,  have  proved  this  descrip- 
tion to  be  oversimplified.  Therefore,  fracture-mapping  technolo- 
gies can  provide  insight  into  reservoir-depletion  dynamics  and 
significantly  help  optimize  reservoir  management.  Fractures  can 
be  categorized  as  simple  (the  classical  description),  complex,  or 
very  complex.  An  illustration  of  how  these  fractures  may  look  is 
found  in  Fig.  1. 

Because  of  several  factors,  including  the  presence  of  natural 
fractures,  a  fracture  treatment  in  the  Barnett  is  more  likely  to  look 
like  the  "very  complex"  fracture  description  than  the  "simple" 
case.  This  allows  a  fracture  fairway  to  be  created  during  a  treat- 
ment with  many  fractures  in  multiple  orientations,  resulting  in 
large  surface  areas  potentially  contributing  to  production.  Numer- 
ous treatments  have  been  mapped  in  the  Barnett  to  gain  a  better 
understanding  of  how  these  fractures  propagate. 

The  primary  (i.e.,  hydraulic)  fracture  orientation  is  northeast 
(NE)  to  southwest  (SW)  in  this  area.  This  has  been  verified  from 
both  surface  tiltmeters  and  microseismic-fracture  mapping.  Addi- 
tionally, many  secondary  fractures  identified  from  oriented  core 
and  borehole-imaging  surveys  in  this  area  are  oriented  orthogonal 
to  the  primary  fracturing  [northwest  (NW)  to  southeast  (SE)|,J  and 
these  natural  fractures  may  be  activated  (i.e.,  opened)  during  a 
hydraulic-fracture  treatment.  The  length  and  width  of  the  resulting 
fracture  fairway  is  important  in  determining  the  area  contacted  by 
the  fracture  so  that  well  location  and  spacing  can  be  optimized 
Because  of  the  aforementioned  small  drainage  distance  from  a 
fracture,  the  density  of  fractures  within  this  fairway  is  very  im- 
portant. There  may  be  opportunities  for  additional  wells  to  be 
drilled  in  less-densel\  fractured  areas  within  a  fracture  fairway  or 
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Simple  Fracture 


Complex  Fracture 
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TABLE  1— BARNETT  FRACTURE-GEOMETRY 
MEASUREMENTS  DETERMINED  BY 
VARIOUS  TECHNOLOGIES 

Surface  Tift 

Downhole  Tilt 

Microseismic 

Azimuth 

X 

X 

Height 

X  (tip) 

X  (wellbore) 

Length 

X 

Asymmetry 

X 

NW  Volume 
Component 

X 

Fig.  1—  Fracture  complexity. 


for  re  fractures  to  be  performed  that  may  extend  the  fairway  or 
more-densely  populate  it  with  new  fractures. 

Fracture-Mapping  Technologies 

A  combination  of  fracture-mapping  technologies  was  used  to  de- 
velop an  accurate  image  of  fracture  growth  in  the  Barnett.  These 
complementary  technologies  allowed  for  a  better  understanding  of 
the  different  aspects  of  fracture  growth.  Production  results  sUongly 
correlated  to  the  orthogonal  fracture  growth,  visible  in  the  surface 
tiltmeters  as  the  NW  component,  and  in  the  microseismic  data  as 
a  wide  band  of  seismic  activity.  Using  two  independent  mapping 
technologies  allowed  for  a  more-complete  image  of  the  fracture 
fairway.  Tabic  1  shows  the  components  of  fracture  geometry  de- 
termined from  each  of  the  mapping  technologies. 

Surface  Tiltmapping.  This  is  a  fracture-diagnostic  tool  used 
around  the  world  on  more  than  1 ,000  treatments  per  year  to  map 
the  deformation  caused  at  the  surface  of  the  Earth  by  hydraulic 
fractures  or  dislocations  in  the  subsurface.  The  tiltmeter  is  a  very 
sensitive  device — similar  to  an  electronic  carpenter" s  level — that 
can  sense  changes  in  the  gradient  of  displacement  (or  tilt)  as  small 
as  one  part  per  billion.  Surface  deformation*  measured  by  tiltmeter 
arrays,  is  used  to  directly  determine  the  azimuth  and  dip  of  a 
hydraulic  fracture  and  also  the  percent  of  treatment  volume  placed 
in  each  plane  or  orientation  when  fracture  growth  occurs  in  mul- 
tiple planes. 3  Approximately  30  surface  tiltmeter  sites  were  re- 
quired in  each  of  the  mapping  areas  on  the  basis  of  depth  of  the 
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fracture  treatments,  the  expected  fracture  complexity,  and  the  large 
area  encompassing  the  number  of  wells  stimulated  in  each  field. 

Downhole  Tiltmapping.  This  is  a  separate  application  of  the  same 
technology.'*'5  By  ruggedizing  the  surface  tiltmeter  instruments 
and  placing  them  in  offsetting  wellbores  to  the  treatment  wells, 
hydraulic-fracture  dimensions  can  be  determined.  Most  of  the 
treatments  were  monitored  with  two  downhole  tiltmeter  arrays 
near  the  end  of  each  wing  of  the  fracture  fairway  to  determine  the 
location  of  fracture  top  and  bottom  and  the  total  length  of  each 
wing.  To  measure  fracture  length,  the  downhole  tiltmeter  arrays 
are  placed  in  the  general  direction  the  fractures  are  expected  to 
propagate.  The  tiltmeter  cube  illustrated  in  Fig.  2  shows  the  ex- 
pected deformation  pattern  resulting  from  a  simple  hydraulic  frac- 
ture, as  seen  at  the  surface  and  from  an  offset  wellbore. 

Microseismic  Mapping.  This  has  been  used  for  more  than  20 
years  to  measure  the  location  of  microearthquakes,  or  mi- 
croseisms.  which  result  from  the  placement  of  a  hydraulic  frac- 
ture.6 These  small  slippages  are  detected  by  a  vertical  array  of  five 
to  12  sensitive  listening  devices,  such  as  geophones  or  accelerom- 
eters.  placed  in  an  offsetting  wellbore.  After  orienting  each  tool  in 
the  array  (normally,  the  perforating  procedure  in  the  treatment  well 
is  used  to  orient  the  three-component  sensors),  the  microseisms 
created  by  the  fracture  treatment  are  detected,  oriented,  and  located 
within  the  reservoir.  As  the  treatment  proceeds,  a  map  of  the  event 
locations  develops,  which  provides  measurements  of  the  fracture 
azimuth  and  dimensions.  An  illustration  of  the  general  concept  of 
mieroseismic-fracture  mapping  is  seen  in  Fig.  3. 

Barnett  Examples 

Surface  tiltmapping  was  used  to  determine  the  primary  and  sec- 
ondary fracture  orientation  and  the  fractional  volume  of  fracturing 
slurry  placed  in  each  orientation.  The  wide,  shaded  rectangle  in 
Fig.  4  is  the  primary- fracture  length  (from  downhole  tiltmapping) 
and  orientation  (surface  tiltmapping).  while  the  *'crossties*T  indicate 
the  volume  of  fluid  placed  into  the  secondary  (i.e.,  natural)  -frac- 
ture orientation  with  each  crosstie  representing  5r/r  of  the  total 
slurry  volume  (i.e.,  45cr  in  the  NW  direction  on  this  fracture). 
Microseismic  events  are  represented  by  the  orange  points  in  this 
plan  view,  and  as  can  be  seen  on  this  treatment,  this  fracture 
fairway  is  very  wide — approximately  900  ft  across. 
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Fig.  2— Deformation  pattern  resulting  from  hydraulic  fracture. 
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Fig.  3 — Microseism ic-event  location. 
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Fig.  4— Plan  view  of  one  of  the  mapped  fields  showing  the  orientation  of  a  Barnett  fracture  fairway  and  the  tilt-measured  fracture 
volume  in  the  various  fracture  i 


A  new  technique  was  developed  to  look  at  multiple  fracture 
growth  with  time.  Small  sequential  increments  (in  this  case,  40 
events)  of  microseismic  data  are  fitted  into  a  linear-regression 
model  to  determine  the  length  and  orientation  of  the  many  fracture 
segments  in  the  order  that  they  are  created.  Using  this  approach 
enabled  us  to  match  the  primary-  and  secondary-fracture  azimuths 
measured  by  surface  tiltmeters,  as  well  as  give  an  estimate  of  the 
total  fracture-segment  length  of  all  mapped  fractures  (more  than 
25.000  ft  in  many  treatments).  A  number  of  nearby  wells  were 
killed  or  affected  because  of  fracture-to- wellbore  or  fracture-to- 
fracture  intersections  during  this  treatment,  providing  physical  evi- 
dence of  the  geometry  of  these  fracture  networks  (see  Fig.  5). 

The  fracture  treatment  shown  in  Fig.  6  is  in  the  lower  Barnett 
shale  and  is  mostly  confined  within  the  lower  Barnett.  The  frac- 
ture-fairway half-length  is  very  long,  approximately  2.500  ft. 
Downhole  tiltmeters  placed  past  the  tip  of  each  wing  of  the  fairway 
were  used  to  determine  fairway  half-length.  The  microseismic- 
monitor  well  was  near  the  center  of  the  fracture  and  unable  to  see 
out  to  the  very  ends  of  the  fairway  because  of  attenuation  of  the 
microseismic  signals  over  these  extremely  long  distances.  This 
fracture  treatment  covered  the  entire  targeted  pay  and  created  a 
wide  and  complex  fairway  with  fractures  growing  in  multiple  ori- 
entations. The  smaller  internal  ovals  show  fracture  geometry  (i.e., 
height  and  length)  measured  by  downhole  tiltmeters  at  the  ends  of 
the  fairway,  while  the  individual  points  are  microseismic  events 
measured  by  an  array  perpendicular  to  the  center  of  the  fracture 
fairway.  The  large,  translucent-shaded  area  is  the  integrated- 
fracture  geometry  from  combining  the  highest-confidence  mea- 
surement for  each  fracture  parameter.  This  geometry  was  used  to 
create  a  calibrated  3D  fracture  model  for  this  area.  Combining 
fracture-diagnostic  technologies  from  different  location  perspec- 
tives  is  often  useful  in  ensuring  mat  we  use  all  of  the  fairway  in 
maximizing  net  present  value. 

The  map  view  in  Fig.  7  shows  the  microseismic  results  from 
seven  mapped  fracture  treatments  in  the  lower  Barnett.  After  tak- 
ing into  account  the  observation  well  locations  to  remove  any  bias 
caused  by  the  position  of  the  observation-well  relative  to  the  frac- 
ture, several  "holes"  in  the  fracture  fairway  are  visible,  as  shown 


by  the  ellipses  in  Fig.  7.  These  holes  in  the  fairways  may  be  caused 
by  a  number  of  different  factors:  for  example,  lithologies  that  are 
microseismically  aseismic  or  a  lack  of  fracture  network  in  these 
local  areas,  which  makes  them  possible  targets  for  refracturing 
treatments  or  even  new  drilling  locations,  to  more-completely 
drain  this  field. 
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Fig.  5— Plan  view  of  fracture-structure  plot  from  one  treatment 
showing  the  size  and  complexity  of  fracture  segments  in  the 
hydraulic  (NE/SW)-  and  natural  (NVWSE)-fracture  . 
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Fig.  6— Side  view  of  a  lower  Barnett  fracture  treatment  viewed  from  the  normal  to  the  hydraulic-fracture  fairway  (as  seen  from  the 
SE). 


Summary  of  Mapped-Fracture  Geometries 

Two  different  treatment  designs  were  performed  in  these  areas: 
two  separate  stages  targeting  the  lower  and  upper  Barnett  inde- 
pendently, and  "combo"  treatments  targeting  both  lower  and  upper 
Barnett  pays  with  one  treatment.  As  seen,  the  fracture-fairway 
lengths,  in  general,  are  longeron  the  separate-stage  treatments  than 
on  the  combo  fractures,  and  the  fairway  width  is  also  greater  on  the 
individual  treatments  than  on  the  combo  fractures. 

Correlation  of  Fracture  Parameters 
to  Production 

As  seen  in  Fig.  8,  the  productivity  of  the  wells  was  not  greatly 
influenced  b\  the  conventional-fracture  half-length.  This  was  per- 
plexing at  first  because  it  is  the  opposite  of  what  one  would  expect 


from  a  low-permeability  reservoir.  However,  this  led  to  evaluating 
other  fracture  parameters  and  their  influence  on  productivity. 

The  growth  of  the  fracture-fairway  half-length  was  evaluated  as 
a  function  of  fluid  volume  (Fig.  9).  The  fracture's  half-length  stops 
growing  on  nearly  all  fractures  after  a  significant  fluid  volume  is 
pumped.  The  microseismic-measured  half-length  is  shorter  be- 
cause of  the  position  of  the  observation  well  and  attenuation  of 
acoustic  signals  over  these  very  long  fairway  lengths.  However, 
both  mapping  methods  indicated  an  arresting  of  the  fracture  half- 
length  before  the  end  of  the  treatment. 

The  lack  of  fracture- length  growth  in  the  later  portions  of  the 
treatment  appeared  to  justify  the  reduction  of  the  treatment  vol- 
umes until  the  fracture  network  was  evaluated  in  greater  detail. 
The  width  of  the  fracture  network  was  observed  in  both  the  surface 
tiltmeters  (NW  component)  and  in  the  microseismic  activity  in 
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Fig.  7— Ran  view  of  seven  fracture  treatments  in  one  field  illustrating  the  holes  or  "sand  traps"  in  several  of  the  fracture  fairways. 
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Fig.  8— Graph  illustrating  the  lack  of  correlation  of  fracture -fairway  half-lengths  to  early  production  results. 


w  hich  growth  was  observed  in  a  w  ide  band  of  events.  As  seen  in 
Fig.10,  the  wider  the  fracture  network,  the  better  the  productivity 
from  the  well. 

The  total  length  of  the  fracture  network  was  determined  by 
summing  the  microseismic-fracture  structure  segments  over  time. 
It  was  immediately  apparent  that  significant  individual  fracture 
networks  were  developing  as  each  treatment  progressed.  As  seen 
in  Fin.  11,  the  total  fracture-network  system  continued  to  grow 
with  additional  pumped  volume.  Therefore,  to  improve  well  pro- 
ductivity, a  larger  fracture-network  system  is  desirable,  indepen- 
dent of  the  conventional-fracture  half-length. 

The  summary  tahle  (Table  2)  of  fracture  geometries,  and  the 
correlations  shown  in  this  section,  illustrates  that  the  half-length  of 
the  fracture  fairway  is  not  the  most  critical  parameter  influencing 
early  production.  The  mapping  data  show  that  individual  fracture 


stages  in  the  Barnett  typically  produce  longer  and  wider  fracture 
networks,  while  correlations  of  treatment  volumes  to  created  frac- 
ture-fairway half-lengths  are  not  strong.  The  correlations  of  treat- 
ment volume  to  fairway  width,  and  of  fairway  width  to  early 
production,  do  indicate  that  larger  fracture  treatments  tend  to  produce 
larger  surface  areas.  This  has  a  favorable  effect  on  production. 

Fracture-Model  Calibration 

The  fracture-engineering  portion  of  this  project  consisted  of  mini- 
fracture  analysis  with  step-down  tests,  fracture  modeling,  and  post- 
fracture  analysis  of  treatment  and  production  data.  An  investiga- 
tion of  the  mapping  results  indicates  that  initial  well  productivity 
was  independent  of  the  fracture  half-length;  however,  there  ap- 
pears to  be  a  correlation  to  the  size  and  complexity  of  the  created 
fracture  network.  Other  production  correlations  that  helped  support 
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growth  of  fracture-fairway  half-lengths  as  a  function  of  treatment  volume  on  one  Barnett  'combo- 
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production  results. 


this  finding  that  fracture  complexity  was  the  primary  driver  for 
productivity  included  the  NW  fracture-component  volume  from 
surface  tiltmeters  (i.e..  crosscutting  natural  fractures),  fracture- 
network  width  (i.e..  microseismic  event's  width),  and  the  degree  of 
net  pressure  increase  during  the  job. 

One  of  the  benefits  of  direct  fracture-geometry  measurements 
is  having  the  ability  to  calibrate  a  fracture  model.  This  results  in  an 
effective  modeling  tool  for  optimizing  future  designs  of  hydraulic- 
fracture  treatments.  While  fracture  diagnostics  are  critical  for  un- 
derstanding how  fractures  grow,  modeling  is  required  to  predict 
the  performance  of  future  designs  and  to  evaluate  design  changes. 
The  previously  discussed  measured-fracture  geometries  were  used 
to  develop  a  calibrated  model  for  the  Barnett  shale  in  two  different 
areas.  A  variable-height  fracture  simulator  was  used  to  model  the 
measured-fracture  geometry  while  incorporating  tfie  treating  pres- 


sure, volume,  and  rates.  To  achieve  a  match,  several  of  the  input 
calibration  parameters,  or  settings,  were  adjusted  from  the  default 
values.  The  final  calibrated  model  settings  were  then  capable  of 
predicting  growth  in  all  single-zone  treatments  and  are  reasonable 
for  application  in  the  combo  treatments. 

Three  main  "modeling  physics"  parameters  were  adjusted  to 
history  match  the  observed  net  pressure  and  fracture  geometry,  as 
measured  by  the  mapping  technologies.  These  parameters  were  the 
crack-opening  coefficient,  tip-effects  coefficient,  and  tip-effects 
scale  volume.  The  same  calibration  settings  were  then  used  for  all 
treatments,  and  net-pressure  matches  honored  fracture-treatment 
parameters,  as  well  as  the  new  calibrated  settings. 

A  lower  value  of  the  crack-opening  coefficient  was  required  to 
reduce  the  pressure  gradient  along  the  fracture  length,  decreasing 
the  average  net  pressure  in  the  fracture  for  the  same  wellbore  net 
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TABLE  2— SUMMARY  OF  FRACTURE  GEOMETRY  FROM  16  FRACTURE  TREATMENTS 

11  CI  1 1 

Fracture  Height 

Half- 

Fracture 

Composite 

Length 

TiD 

Tip 

Length 

Azimuth  NF 

r  mclwiji  rv 

Well 

SW  ft 

SW.ft 

Wellbore.  ft    NE,  ft 

NE.  ft 

Degrees 

Width,  ft 

Half-Length,  ft  Height,  ft 

Lower  Barnett  Average 

2,875 

248 

311  211 

2.600 

4fc> 

OAT 

2,775  386 

Upper  Barnett  Average 

3,033 

197 

326  197 

2,500 

47 

900 

2.850  517 

Lower  Combo  Average 

2,391 

400 

458  400 

2,391 

49 

598 

2,391  583 

Upper  Combo  Average 

2.124 

2,124 

Asymmetrical  fractures  based  on 

downnoie  tfftmc 

pressure.  This  allows  for  modeling  both  high  net  pressures  and 
long  fracture  half-lengths.  The  crack-opening  coefficient  also  con- 
trols shear  decoupling.  The  lower  value  simulates  fracture  slipping 
at  the  fracture  cleats.  Typically,  the  pressure  at  the  wellbore  acts  as 
a  force  wedging  open  the  entire  length  of  the  fracture.  However,  in 
a  highly  fractured  system,  the  force  is  not  transmitted  efficiently 
along  the  length  of  the  fracture  because  the  force  dissipates  as  it 
crosses  each  fracture.  In  fracture  modeling,  this  is  referred  to 
as  ''decoupling." 

The  tip-effects  coefficient  was  increased  to  reduce  the  esti- 
mated pressure  at  the  tip  of  the  fracture,  which  is  plausible  in 
highly  fractured  reservoirs.  The  tip-effects  scale  volume  was  in- 
creased to  delay  when  the  tip  effects  reach  the  maximum.  This 
allows  for  the  tip  effects  to  be  gradually  stepped  with  time. 

The  net  pressure  was  history  matched  for  each  fracture  treat- 
ment. An  example  of  the  net-pressure  match  for  a  single  zone 
i lower  Barnett  shale  fracture  treatment)  is  shown  in  Fig.  12.  The 
model  matches  the  magnitude  and  character  of  the  net  pressure 
throughout  the  treatment. 

The  modeled  "fracture  geometry  is  shown  in  Fig.  13.  As  seen 
from  the  mapping  measurements,  tiltmeter,  and  microseismic.  the 
fracture  is  fairly  well  contained  to  the  lower  Barnett  and  does  not 
grow  up  to  the  upper  Barnett  shale. 

Table  3  shows  the  calibrated-fracture-model  results  vs.  the 
composite  measured-fracture  dimensions  for  the  various  treat- 
ments. The  settings  developed  for  the  calibrated  model  do  a  very 
good  job  of  matching  the  single-zone  upper  Barnett  and  lower 
Barnett  treatments,  especially  for  the  fracture  half-lengths.  It  is 
more  difficult  to  model  the  combo  fractures  because  of  the  differ- 
ences in  closure  pressure  and  changing  fluid  split  rates;  however, 
the  model  still  works  reasonably  well  for  the  combo  fractures. 


Conclusions 

1.  Fractures  in  the  Barnett  shale  grow  in  a  complex  network. 

2.  The  cumulative  fracture-network  length,  combining  both  hy- 
draulic and  natural  fractures,  resulting  in  maximum  reservoir 
connectivity — not  conventional-fracture  half-lengths — controls 
gas  recovery  and  drainage  patterns. 

3.  Fracture  growth  in  the  Barnett  shale  can  be  approximately  mod- 
eled by  history  matching  recorded  fracture  data  within  a  cali- 
brated fracture  model. 

4.  Fractures  can  be  propagated  simultaneously  in  the  upper  and 
lower  Barnett  during  the  same  fracture  treatment. 

5.  Fracture  geometry  is  relatively  predictable;  however,  fracture- 
network  development  is  highly  variable. 
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TABLE  3— FINAL  CALIBRATED  SETTING  WITH  NET-PRESSURE  HISTORY  MATCHING  OF  FRACTURE-MODEL 

RESULTS  VS.  MAPPED  RESULTS  FOR  INDIVIDUAL-  AND  COMBO-FRACTURE  TREATMENTS 

Composite  Mapped 

Model 

Height 

Average 

Haif-Length 

Height 

Well 

Wellbore,  ft 

Half-Length,  ft 

ft 

Difference,  % 

ft 

Difference,  % 

Lower  Barnett 

Well  1 

415 

2,600 

2,585 

0.58 

320 

23 

Well  2 

440 

3,000 

3,015 

-0.50 

330 

25 

Well  3 

370 

3,000 

3,190 

-6.33 

320 

14 

Well  4  Refracture 

325 

2,500 

2,480 

0.80 

335 

-3 

Well  5 
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2,090* 

3.220 

- 

345 
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Lower  Barnett  Average 

386 

2.775 

2.898 

-1.36 

330 

15 

Upper  Barnett" 

Well  1  fUooeh 
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1.21 
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AC 
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Well  1  (Lower) 
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— 
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— 
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Inwpr  Bsrnptt  Avpraae 
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— 

Combo  Fracs 

Well  6  (Upper) 
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2.480 
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1.21 

460 

41 

Well  6  (Lower) 

2,440 

2,450 

-0.41 

Well  7  (Upper) 
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1 ,335* 

1,740 

— 

535 

4 

Well  7  (Lower) 

— 
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— 

Well  8  (Upper) 
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— iy 
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1,520 

0.00 
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575 

-3 

Well  11  (Lower) 

2,420 

2,420 
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0 
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Asymmetrical  fracture  based  on  DHT  data 

'Microsftismic  data  used  for  half-length  when  no  DHT  available.  Not  included  in  the  average. 
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Fig.  1 3— 3D-fracture-model  output  using  measured  fracture  dimensions  and  treatment  parameters  and  net-pressure  matching  to 
develop  calibrated  (and  proprietary  to  Devon)  model  settings. 


Kevin  Fisher  (e-mail:  kevin.fisher@pinntech.com)  joined  Pin- 
nacle Technologies,  Houston,  as  the  Vice  President  of  Business 
Development  in  2000.  He  arrived  at  Pinnacle  after  15  years  at 
Halliburton  Energy  Services,  serving  in  areas  such  as  logging 
engineer,  log  analyst,  and  sales  and  marketing  manager;  and 
8  years  at  ProTechnics  Intl.  as  Director  of  Sales  and  Marketing. 
Fisher  holds  a  BS  degree  in  physics  from  Cameron  U.  in  Lawton, 
Oklahoma.  Chris  Wright  (e-mail:  chris.wright@pinntech.com)  is 
the  President  of  Pinnacle  Technologies,  San  Francisco.  Before 
founding  Pinnacle  in  1992,  he  worked  from  1989  to  1992  in  the 
development  of  the  first  real-time  pseudohydraulic  fracture 
stimulator,  and  for  Hunter  Geophysics  in  construction  and  ap- 
plication of  tiltmeters.  Wright  holds  a  BS  degree  in  mechanical 
engineering  from  Massachusetts  Inst,  of  Technology  (MIT)  and 
has  done  graduate  work  in  electrical  engineering  at  U.  of  Cali- 
fornia, Berkeley,  and  at  MIT.  He  was  an  SPE  Distinguished 
Lecturer  during  2000-2001.  Brian  M.  Davidson  (e-mail: 
brian.davidson@pinntech.com)  is  the  Senior  Staff  Engineer  for 
Pinnacle  Technologies,  Houston,  where  he  has  worked  since 
1999.  Before  coming  to  Pinnacle,  he  spent  1 1  years  with  Halli- 
burton Energy  Services  in  different  technical  positions  before 
becoming  a  senior  petroleum  engineer  for  Holditch  &  Assocs., 
specializing  in  all  aspects  of  hydraulic  fracturing.  Davidson  has 
served  as  project  manager  for  major  fracturing  projects  (do- 
mestically and  internationally)  and  has  served  as  technical  ad- 
viser for  the  Advanced  Stimulation  Technology  Program.  He 
holds  a  BS  degree  in  petroleum  engineering  from  Texas 
A&M  U.,  College  Station,  Texas.  Alan  Goodwin  (e-mail: 
alang@swiftenergy.com)  is  the  Senior  Operations  Engineer  at 
Swift  Energy,  Houston.  Before  joining  Swift  in  2002,  he  worked  as 


a  production  engineer  for  Amoco  Production  from  1 980  tol  982 
and  as  a  reservoir  engineer  for  Mitchell  Energy  from  1982 
to  2002.  He  holds  a  BS  degree  in  petroleum  engineering 
from  Texas  Tech  U.  Eugene  O.  Fielder  is  the  Operations  Engi- 
neering Superviser  for  Devon  Energy  in  Oklahoma  City,  Okla- 
homa (e-mail:  Eugene.Fielder@dvn.com).  Before  coming  to 
Devon  in  2002,  he  worked  as  a  production  and  drilling  engi- 
neer for  Amoco  from  1976  to  1978  and  in  production  and  res- 
ervoir engineering  for  Mitchell  Energy  from  1978  to  2002.  Fielder 
holds  a  BS  degree  in  petroleum  engineering  from  Texas  A&M  U. 
William  S.  Buckler  has  been  the  Engineering  Manager  for 
Quicksilver  Resources  Inc.  in  Fort  Worth,  Texas,  since  Septem- 
ber 2003  (e-mail:  bbuckler@qrinc.com).  Before  coming  to 
Quicksilver,  he  spent  more  than  19  years  with  Mitchell  Energy 
Corp. /Devon  Energy  Operating  Co.  LP  as  a  production  engi- 
neer, workover/completion  superintendent,  and  region  engi- 
neer (north  Texas  production  engineering  and  operations). 
Buckler  holds  a  BA  degree  in  petroleum  engineering  from 
Texas  A&M  U.  Nick  Steinsberger  is  the  Vice  President  of  Engi- 
neering for  Republic  Energy,  Dallas,  for  which  he  oversees  all 
drilling  and  completing  operations  in  the  Fort  Worth  basin 
(e-mail:  nsteinsberger@republicenergy.com).  Before  joining 
Republic,  he  spent  15  years  with  Mitchell  Energy  Corp./Devon 
Energy  Operating  Co.  LP,  where  he  oversaw  all  well  comple- 
tions in  Barnett  shale  from  the  fall  of  1995  to  the  summer  of 
2003.  He  was  the  first  to  introduce  light-sand  fractures  in  Bar- 
nett in  1997,  and  he  led  the  horizontal  team  for  Devon  in  their 
first  25  horizontal  wells  in  the  Barnett.  He  holds  a  BS  degree  in 
petroleum  engineering  from  the  U.  of  Texas  at  Austin. 


M:i\  2<X)5  SPr  Production      l  ac  iluics 


93 


SPE  110679 


Improving  Well  Productivity  and  Profitability  in  the  Bakken — A  Summary  of  Our 
Experiences  Drilling,  Stimulating,  and  Operating  Horizontal  Wells 

Monte  R.  Besler,  Hohn  Engineering,  PLLC;  John  W.  Steele  and  Tanner  Egan,  Nance  Petroleum  Corporation;  and 
Jed  Wagner,  Pinnacle  Technologies 


Copyright  2007,  Society  of  Petroleum  Engineers 

This  paper  was  prepared  for  presentation  at  the  2007  SPE  Annual  Technical  Conference  and 
Exhibition  held  in  Anaheim,  California,  U.S.A..  11  14  November  2007. 


This  paper  was  selected  for  presentation  by  an  SPE  Program  Committee  following  review  of 
information  contained  in  an  abstract  submitted  by  the  authors).  Contents  of  the  paper,  as 
presented,  have  not  been  reviewed  by  the  Society  of  Petroleum  Engineers  and  are  subject  to 
correction  by  the  author(s).  The  material,  as  presented,  does  not  necessarily  reflect  any 
position  of  the  Society  of  Petroleum  Engineers,  its  officers,  or  members.  Papers  presented  at 
SPE  meetings  are  subject  to  publication  review  by  Editorial  Committees  of  the  Society  of 
Petroleum  Engineers.  Electronic  reproduction,  distribution,  or  storage  of  any  part  of  this  paper 
for  commercial  purposes  without  the  written  consent  of  the  Society  of  Petroleum  Engineers  is 
prohibited.  Permission  to  reproduce  in  print  is  restricted  to  an  abstract  of  not  more  than 
300  words;  illustrations  may  not  be  copied.  The  abstract  must  contain  conspicuous 
acknowledgment  of  where  and  by  whom  the  paper  was  presented.  Write  Librarian.  SPE,  P.O. 
Box  833836.  Richardson.  Texas  75063-3836  U.S.A..  fax  01-972-952-9435. 


Abstract 

This  case  study  will  summarize  the  lessons  learned  during  the 
stimulation  and  operation  of  horizontal  laterals  completed  in 
the  Middle  Bakken  formation  of  North  Dakota  and  Montana, 
This  paper  will  compare  the  production  histories  of  these  wells 
to  offset  wells  completed  with  other  techniques  to  evaluate 
best  industry  practices.  Insight  will  be  shared  as  to  the  effect 
of  lateral  lengtk  wellbore  azimuth  and  stimulation  design  on 
well  production  and  overall  well  economics. 

The  Bakken  formation  of  the  Williston  Basin  is  undergoing 
significant  development  in  Manitoba.  Saskatchewan. 
Montana  and  North  Dakota.  Numerous  operators  are  active 
in  the  area,  with  a  wide  variety  of  development  approaches 
The  industry  has  not  yet  reached  consensus  on  optimal  drilling 
and  stimulation  strategies. 

Results  indicate  significant  progress  in  improving  well 
production,  while  reducing  the  drilled  lateral  length  and  the 
treatment  size.  Efforts  to  improve  diversion  and  optimize 
proppant  type  and  si/c  appear  to  provide  more  effective 
fracture  treatments,  while  eliminating  production  problems 
related  to  the  flowback  of  frac  sand. 

This  paper  w ill  provide  the  following  benefits  to  readers: 
•  Operators  in  the  Bakken  have  experienced  significant 
problems  with  flow  back  of  frac  sand,  requiring  frequent 
pump  changes,  conservative  production  strategies,  and 
expensive  clcanouts  prior  to  rcstimulation.  This  paper 
will  describe  the  steps  taken  to  eliminate  proppant 
flowback  into  the  wellbore  and  the  estimated  economic 
impact. 


•  This  paper  will  provide  a  case  study  comparing  the 
production  from  wells  completed  with  a  variety  of 
strategies. 

•  The  results  suggest  mam  current  laterals  drilled  in  the 
Bakken  are  ineffectively  stimulated  and  demonstrate  that 
significant  increases  in  well  profitability  are  possible 
with  more  optimized  treatments. 

•  Optimizing  fracture  treatment  designs  for  horizontal 
wells  requires  an  estimation  of  the  fracture  geometry  - 
particularly  a  description  of  the  intersection  between  the 
wellbore  and  the  fracture.  A  fracture  treatment  designed 
under  the  assumption  of  a  longitudinal  frac  will  be 
entirely  inadequate  if  the  actual  fracture  propagates  in  a 
transverse  orientation  Tins  paper  will  describe  our 
understanding  of  the  fracture  geometry  and  how  that  has 
affected  treatment  designs. 

Introduction 

The  Middle  Bakken  play  of  the  Williston  Basin  lias  generated 
significant  interest,  with  over  45  companies  completing  wells 
in  North  Dakota  and  Montana  and  additional  development 
activity  accelerating  in  Canada  (Figure  1). 


Figure  1  -  Map  of  Williston  Basin1  (courtesy  of  Julie  LeFever) 


The  Bakken  formation  comprises  three  members—  a  lower  and 
an  upper  shale,  and  a  lithologically  variable  middle  member 
which  is  the  target  of  the  current  development.  In  North 
Dakota,  this  middle  member  typically  consists  of  gray 
interbedded  siltstoncs  and  sandstones  and  can  reach  85  feet 
thick  at  deptlis  of  approximately  9.500  to  If 000  ft.  Lesser 
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amounts  of  shale,  dolostone.  and  limestone  may  also  be 
present.  In  the  Elm  Coulee  field  of  Montana,  the  Middle 
Bakken  member  thins  to  6  to  15  feet  thickness  at  a  depth  of 
approximately  10J)(K)  feet  and  is  generally  categorized  as  a 
silty  or  sandy  dolomite  w  ith  significantly  higher  permeability. 


H:S  or  elevated  watercut  indicate  fracs  have  propagated  into 
shallower  formations.  Therefore,  it  is  becoming  more  popular 
in  North  Dakota  to  kickoff  additional  laterals  from  the 
horizontal  section  to  reduce  the  contact  with  shallower 
intervals. 


The  Bakken  also  extends  beyond  the  Williston  Basin  into 
Saskatchewan  and  Manitoba  and  has  been  formally 
recognized  in  Alberta  and  northern  British  Columbia.  This 
study  will  focus  solely  on  production  from  horizontal  wells 
completed  in  the  Middle  Bakken  within  Montana  and  North 
Dakota. 

Horizontal  Well  Completions 

Most  operators  currently  drill  horizontal  wells  to  develop  the 
Middle  Bakken.  using  a  variety  of  wellborc  configurations 
(Figure  2).  In  the  most  mature  development  in  the  Middle 
Bakken  (the  Elm  Coulee  Field  in  Montana),  wells  have  been 
drilled  on  a  density  of  approximately  one  well  per  section 
(640-acre  spacing).  While  some  operators  favor  single 
laterals,  all  wells  in  Figure  2  were  completed  with 
mullilaterals  in  coplanar  or  broadly  spread  lateral 
configurations. 


Figure  2  -  Map  of  one  Montana  Township  Illustrating  various 
wellbore  Azimuths  utilized  in  the  Middle  Bakken  Development2 

Although  mam  multilateral  wells  have  been  stimulated 
simultaneously  without  any  mechanical  isolation,  several 
techniques  have  been  used  to  isolate  laterals  for  individual 
stimulation.  In  Montana,  the  original  wellborc  is  typically 
drilled  hori/.ontallv  in  the  Middle  Bakken.  and  a  window  is 


Effectively  isolating  multiple  laterals  during  the  stimulation 
treatment  is  expensive  and  occasionally  problematic.  The 
authors  have  found  a  diminishing  rate  of  return  to  drilling 
additional  laterals  and  have  elected  to  drill  single  laterals  for 
most  of  the  current  completions.  Although  single,  shorter 
laterals  sacrifice  reservoir  contact,  this  strategy  has  reduced 
wellborc  complexity,  improved  stimulation  efficiency,  and 
yielded  higher  returns  on  total  well  investment. 

As  suggested  by  Figure  2.  laterals  have  been  drilled  in  almost 
every  conceivable  azimuth  across  the  Bakken  development. 
However,  wellbore  azimuth  can  have  a  significant  effect  on 
the  intersection  between  the  w  ellborc  and  fracture  (Figure  3). 
Fractures  initiated  from  laterals  aligned  with  the  maximum 
horizontal  stress  would  be  expected  to  propagate  along  the 
axis  of  the  wellbore  (longitudinal  frac).  On  the  other  hand, 
wcllbores  not  aligned  with  the  maximum  horizontal  stress  w  ill 
result  in  transversely  intersecting  fractures.  These  intersecting 
fractures  have  been  described  in  the  literature  as  orthogonal, 
perpendicular  oblique,  miperfecth  aligned,  or  transverse.  For 
the  purposes  of  this  paper,  "transverse  fractures  "  w  ill  be  used 
to  describe  fractures  in  which  the  majority  of  the  fracture  has 
grown  away  from  the  axis  of  the  wellbore. 


milled  uphole  in  tne  vertical  section  to  kick  off  additional 
laterals.  Subsequent  laterals  may  not  be  cemented  in  place, 
simply  placing  an  unccmentcd  prc-drilled  liner  that  is 
temporarily  isolated  with  a  tubing  and  packer  assembly. 
Howev  er,  this  technique  lias  posed  some  difficulties  in  North 
Dakota.  Several  operators  have  reported  difficulty  keeping 
fractures  contained  w  ithin  the  target  Bakken  horizon,  and  hav  e 
observed  radioactive  tracer  indicating  vertical  height  growth 
into  the  shallower  Lodgepole  formation.  In  some  cases,  high 


Figure  3  -  Laterals  oriented  in  the  direction  of  Maximum  Principle 
Stress  should  provide  Longitudinal  Fractures.  All  other 
orientations  are  expected  to  have  Transversely  Intersecting 
Fractures. 
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Importance  of  Fracture  Orientation  upon  Treatment 
Design 

The  extent  of  intersection  between  the  wellbore  and  fracture 
greatly  affects  the  optimization  of  fracture  designs.  In  vertical 
wells,  the  industry  typically  expects  a  bi-vv  ing  fracture  to  grow 
from  the  well,  thereby  connecting  all  of  the  pay  to  the 
wellbore  (Figure  4). 


Figure  4  -  Flow  Convergence  in  Vertical  Weils  often  results  in 
High  Fluid  Velocity  within  Fractures 


In  an  arbitrary  formation  with  50  feet  of  pay.  the  intersection 
between  a  vertical  well  and  the  two  fracture  wings  would  be 
100  linear  feet.  If  a  fracture  width  on  the  order  of  lA  inches 
(l/50fh  of  a  foot)  is  optimistically  assumed,  the  cross  sectional 
area  of  flow  within  two  frac  wings  is  ~2  ft2.  However 
fractures  are  very  long  features,  often  exceeding  500  ft.  half- 
length  (Xf).  Assuming  an  Xf  of  500  ft.  this  arbitrary  frac  is  in 
direct  contact  with  100.000  ft2  of  reservoir  rock  (two  frac 
wings,  two  fracture  faces  in  contact  with  matrix.)  Therefore  if 
the  entire  fracture  is  productive,  the  superficial  fluid  velocity 
w  ithin  the  fracture  ncar-vvellborc  must  be  50.000  times  greater 
than  anywhere  in  the  matrix.  This  flow  convergence  near- 
wcllbore  is  what  causes  many  fracs  to  appear  conductivity- 
limited  and  may  explain  the  remarkable  number  of  fields 
where  wider  fracs  and  superior  proppants  have  proven 
beneficial. 4"  However,  horizontal  wells  are  subject  to  an 
entirely  different  flow  regime. 

Longitudinal  Fracs  -  If  this  identical  hy  draulic  fracture  is 
propagated  as  a  longitudinal  fracture  from  an  unccmcnted 
horizontal  well,  a  very  large  area  of  intersection  is  created. 
The  produced  oil  and  gas  only  travels  within  the  proppant 
pack  for  a  short  distance  (perhaps  half  the  pay  height)  and  the 
large  intersection  allows  very  low  fluid  velocity  (Figure  5). 
Presuming  the  fracture  grow  s  from  the  top  and  bottom  of  the 
borehole,  the  same  modest  fracture  (5(H)  ft.  half-length  or  1000 
ft.  total  length)  provides  2000  ft.  of  intersection  between  the 
wellbore  and  fracture,  or  a  cross  sectional  area  of  -40  ft2. 
Therefore,  the  fluid  velocity  within  the  fracture  would  be 
"only''  2500  limes  the  velocity  within  the  matrix.  For 
identical  fractures  delivering  identical  oil  rates,  the  fluid 
within  the  longitudinal  fracture  must  travel  only  5%  as  fast  to 
reach  the  unccmcnted  lateral  as  compared  to  the  vertical  well. 
In  this  longitudinal  frac.  the  proppant  choice  is  relatively 
insignificant  and  any  efforts  to  improve  conductiv  ity  could 
result  in  pouring  money  down  a  hole  w  ith  minimal  expected 
benefit.  The  proppant  of  choice  in  this  completion  style  would 
likely  be  the  cheapest  frac  sand  available.  No  efforts  to 
improve  fluid  cleanliness,  on-site  quality  control,  or  sand 
quality  would  be  expected  to  provide  much  benefit  in  this 
fracture  orientation. 


Figure  5  -  Longitudinal  Fracs  with  Uncemented  Liners  provide 
excellent  communication  between  the  Fracture  and  Wellbore 


However,  if  a  liner  is  cemented  in  place,  the  produced  fluids 
must  accelerate  into  limited  perforation  intervals  (Figure  6), 
In  this  case,  pressure  losses  w  ithin  fractures  may  be  a  concern. 
When  Lyco  selected  proppant  for  longitudinal  fracs  with 
cemented  wellborcs  in  the  Middle  Bakkcn.  resin-coated  sand 
was  chosen  to  belter  accommodate  flow  convergence  to 
limited  perforation  intervals.6 


Figure  6  -  Longitudinal  Fracs  with  Cemented  Liners  limit 
communication  between  the  Fracture  and  Wellbore.  Flow 
Convergence  may  necessitate  increases  in  Fracture  Conductivity 


Transverse  Fracs  -  When  the  wellbore  is  oriented  such  that 
transverse  fracs  arc  created,  an  entirely  different  flow  regime 
occurs.  The  intersection  between  a  transverse  frac  and  the 
wellbore  may  be  limited  to  the  circumference  of  the  borehole 
(Figure  7).  With  an  eight-inch  diameter  wellbore.  the  total 
intersection  would  be  limited  to  tw  o  linear  feet,  or  a  meager 
0.04  ft2  cross-sectional  area  open  to  flow.  In  this  scenario 
(assuming  the  50  ft  x  1000  ft  transverse  frac).  the  oil  and  gas 
near  wellbore  must  achieve  velocities  over  2  million  times 
greater  than  in  the  reservoir  matrix.  In  horizontal  wells, 
transverse  fracs  will  always  be  found  to  be  choke  points  -  any 
increases  in  fracture  w  idth  or  proppant  quality  should  provide 
large  increases  in  production. 


Figure  7  -  Transverse  Fracs  provide  an  extremely  small 
intersection  —  tne  utrcumTerence  ot  tne  weiiDore 


Therefore  the  industry  has  a  dilemma: 

•  With  longitudinal  fracs,  there  is  little  reason  to  be 
concerned  with  proppant  quality,  fracture  conductivity, 
onsite  quality  control,  fluid  cleanliness,  or  ov  crdisplacing 
(overflushing)  the  proppant.  There  is  such  enormous 
intersection  between  the  wellbore  and  Hie  frac.  that  any 
conceiv  able  damage  to  the  conductivity  is  irrelevant.  In 
theory.  100-mesh  sand  could  provide  an  infinitely 
conductive  frac.  even  after  correcting  for  gel  damage, 
cyclic  stress,  non-Darcy.  multiphase  flow  and  other 
damage  factors.7 

•  However,  w  ith  transverse  fracs.  everything  matters.  No 
commercially  available  proppant  provides  sufficient 
conductiv  ity  ,  and  all  efforts  to  improve  fluid  flow  via 
wider  fractures,  cleaner  fluids,  better  proppants.  or 
superior  implementation  should  prov  ide  increased  rate. 
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In  transverse  fracs.  it  would  be  risky  to  overdisplace  the 
proppant  when  using  crosslinked  fluids,  as  any  loss  of 
fracture  width  near-wellbore  would  further  damage  an 
already  limiting  pinch-point. 

Therefore  it  is  clear  that  a  fracture  design  optimized  for  a 
transverse  frac  is  entirely  different  than  for  a  longitudinal  frac. 
For  tliis  reason,  it  is  critical  to  understand  the  fracture 
geometry  in  the  Bakken. 

Understanding  Bakken  Frac  Geometry 

The  authors  are  aware  thai  fractures  have  been  mapped  with 
downhole  microseismic  and/or  surface  tiitmeter  technology 
from  at  least  five  wells  in  North  Dakota  and  Montana. 
However,  as  of  this  date,  very  few  of  the  results  have  been 
publicly  disclosed  by  the  operators  owning  the  data. 

Without  the  benefit  of  definitive  fracture  mapping,  most 
operators  arc  forced  to  assume  orientations.  Several  operators 
have  publicly  stated  that  the  difference  between  the  horizontal 
principle  stresses  in  the  Middle  Bakken  is  very  low.  and 
therefore  they  assume  that  fracs  initiate  axially  and  propagate 
longitudinally  along  the  wellbore.  Other  operators  rely  on 
numerical  models  which  describe  the  reservoir  as  a  relatively 
simple,  homogeneous  structure  -  and  thereby  may  also 
forecast  simple  longitudinal  fracs. 

However,  there  is  significant  evidence  suggesting  many 
Bakken  fracs  propagate  in  a  transverse  orientation,  including: 

•  During  two  frac  treatments,  cross-linked  sand-laden 
slurry  was  pumped  into  offset  wells  2200  feet  away  in  a 
transverse  direction  K,  These  events  occurred  after 
changes  were  made  to  wellbore  azimuth  and  completion 
strategy'  designed  to  minimize  transverse  frac  growth. 

•  Two  additional  service  companies  confirmed  they  have 
seen  slurry  pumped  to  surface  in  offset  wells  located 
over  1500  feet  away  in  the  transverse  direction,  but  had 
not  obtained  permission  to  disclose  the  well  name  or 
specific  details. 

•  It  is  not  uncommon  to  see  a  temporary  increase  in 
walercut  in  offset  wells  following  a  stimulation  treatment 
-  suggesting  significant  fracture  growth  in  a  transverse 
direction. 

•  Treating  pressure  records  often  suggest  transverse 
fracture  growth.  High  net  pressures  often  exceed  both 
principle  horizontal  stresses,  which  is  suggestive  of 
complex  fracturing. 

•  Radioactive  tracer  often  shows  only  a  small  portion  of 
the  lateral  is  treated.  Interpretation  requires  the  presence 
of  large  transverse  fractures  in  some  wells.  While  it  is 
also  true  that  tracer  surveys  in  the  Bakken  frequently 
show  essentially  full  coverage  of  the  lateral  that 
observation  typically  accompanies  uncemented  liners 
and  could  alternatively  be  attributed  to  entry  of  tracer 
into  the  liner-borehole  annulus  and  therefore  doesn't 
prov  ide  definitiv  e  proof  of  longitudinal  fracs. 


Fracture  Orientation  and  Fracture  Optimization  in 
other  Fields  Developed  With  Horizontal  Wellbores 

A  leading  fracture  mapping  company  shared  some  compiled 
conclusions  from  an  extensive  database  of  fractures  mapped 
from  horizontal  wells,  both  with  microseismic  and  surface  tilt 
meter  technology  .  As  of  April  2006.  this  company  had  used 
microseismic  technology  to  map  fracs  in  140  horizontal  wells 
in  the  United  States  and  Canada.  Those  results  showed: 

•  5  to  10%  of  these  treatments  display  predominantly 
longitudinal  fracturing 

•  90  to  95%  show  significant  transv  erse  components 

There  is  some  recognized  bias  in  this  dataset.  Many  operators 
in  specific  mapped  fields  will  intentionally  orient  wellbores  to 
maximize  the  likelihood  of  transverse  fracs  since  field  results 
have  generally  shown  superior  reservoir  contact  and  increased 
productivity  and  recovery  with  multiple  transverse  fracs. 
Therefore  the  90-95%  frequency  of  transverse  fracs  is  likely 
greater  than  would  be  achieved  with  random  wellbore 
orientations. 

A  second  dataset  summarized  the  results  from  175  treatments 
mapped  from  North  American  horizontal  wells  using  tilt-meter 
technology.  Again,  this  dataset  does  not  include  recent 
Bakken  mapping  results  due  to  confidentiality  .  However, 
through  April  2006.  this  second  dataset  summary  showed: 

•  Approximately   15%  of  the  treatments  resulted  in 
predominantly  longitudinal  fracs 

•  75%  to  80%  of  the  fracs  w  ere  predominantly  transverse 

•  5%  to  10%  of  the  treatments  were  mixed  and  difficult 
to  classify. 

Therefore,  it  is  evident  that  transverse  fracs  are  very 
frequently  propagated  from  horizontal  wells  in  North 
America. 

Oil  production  through  transverse  fracs  lias  been  evaluated 
and  modeled  extensively  by  Olson9 11)11  Haidar12,  Milton- 
Tayler,  Norris13  and  others.  Many  local  engineers  dismiss  the 
relevance  of  North  Sea  wells,  as  they  are  much  more 
productive  than  the  modest  Bakken  completions.  However, 
the  North  Sea  horizontal  wells  described  in  the  references  arc 
typically  completed  with  7  or  8  very  aggressive  transverse 
fractures  believed  to  achieve  on  the  order  of  8  to  10  lb/sq  ft. 
providing  fractures  a  full  inch  in  width.  On  the  flank 
developments,  these  treatments  w  ere  initially  producing  on  the 
order  of  200  BOPD  per  frac  through  these  very  wide  fracs 
(and  lower  oil  velocity  than  in  the  much  narrower  Bakken 
fracs).  When  the  operator  began  attempting  increasingly 
aggressive  lip  screen  out  designs  and  increasing  proppant 
diameter  from  20/40  to  16/20  to  12/18  premium  sieve  Light 
Weight  Ceramic  (LWC),  significant  increases  in  production 
were  observed  just  as  predicted  with  sophisticated  modeling 
(Figure  8). 
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Figure  8  -  Production  from  Transverse  Fracs  was  Improved  by 
increasing  Conductivity  with  Wider  Fracs  and  increased  Prop  pant 
Conductivity11 

It  is  recognized  that  the  Bakkcn  formation  is  not  nearly  as 
prolific  as  the  Valhall  formation  -  yet  these  field  experiences 
validate  thai  pressure  losses  in  transverse  fracs  will  restrict 
well  production  even  at  oil  velocities  lower  than  likely  present 
in  transverse  Bakkcn  fracs. 

Although  frac  maps  proving  the  orientation  of  Bakkcn 
fractures  are  not  in  hand,  the  majority  of  data  available  in  the 
Biikkcn  and  in  other  horizontal  well  developments  in  North 
America  indicate  that  many  fractures  propagate  in  a  transverse 
direction  Therefore,  emphasis  was  placed  on  improving 
conductivity  in  the  Biikkcn  fracture  designs. 

Resulting  Frac  Design  Strategy 

Many  Bakken  wells  have  been  treated  with  over  l  million 
pounds  of  40/70  or  20/40  frac  sand  in  crosslinked  fluid.  If 
those  fractures  propagate  in  a  transverse  direction,  the  vast 
majority  of  that  frac  sand  is  likely  wasted,  since  modeling 
suggests  that  the  fracture  length  is  far  greater  titan  the 
conductivity  can  support.  The  pressure  losses  in  the  ncar- 
wcllbore  region  of  the  fracture  arc  so  immense  due  to  flow 
convergence,  that  the  created  fracture  length  cannot  possibly 
be  effective. 

Since  it  is  believed  that  transverse  fracs  are  frequently  created, 
the  authors*  treatments  have  been  designed  to  provide  reduced 
fracture  length,  but  with  superior  fracture  conductivity.  In 
addition,  improved  diversion  techniques  are  believed  to  be 
beneficial  to  induce  multiple  transverse  fracs. 

Appendix  A  shows  the  author's  current  pumping  schedule  for 
a  typical  stimulation  treatment.  In  summary,  shorter  laterals 
are  dniled  in  a  NW-SE  orientation  and  stimulated  with  high 
concentrations  of  16/20  LWC.  Diversion  is  believed  to  be 
critical,  and  slugs  of  16/20  LWC  coated  with  a  surface 
modification  agent  have  been  used  betw  een  stages  of  uncoated 
proppant  to  encourage  bridging  and  diversion.  This  design 
would  need  to  be  scaled  up  for  operators  attempting  longer 
laterals  or  multiple  lateral  completions. 

Refracs  -  Several  papers  have  noted  that  rcfracture 
stimulation  treatments  have  been  successful  in  the  Bakken. 
resulting  in  improv  ed  production  and  EUR614*15  A  variety  of 


theories  have  been  proposed  as  to  why  the  refracs  are 
necessary: 

•  increased  diversion,  better  lateral  coverage 

•  refracturc  reorientation 

•  insufficient  or  inadequate  initial  fracture 

•  replacing  lost  conductivity  caused  by  inadequate 
proppant  strength 

•  replacing  lost  conductivitv  due  to  proppant  fiovvback 

Although  the  authors  have  successfully  restimulated  several 
Bakken  laterals,  not  all  attempts  have  been  economically 
successful  If  the  fracturing  process  or  initial  pressure 
depletion  from  production  allows  superior  placement  of 
refracs.  that  is  excellent  justification  to  rcstimulate  wells. 
However,  it  is  more  cost-effective  to  properly  design  and 
execute  an  initial  frac  titan  to  plan  on  rcstimulating  all  wells 
due  to  any  of  the  latter  tliree  reasons.  Currently,  radioactive 
tracers  are  incorporated  in  most  of  the  authors*  fracture 
designs.  If  subsequent  logging  or  performance  analyses 
suggest  that  only  a  small  portion  of  the  lateral  lias  been 
stimulated,  then  additional  isolation  efforts  and  reslimulation 
efforts  have  proven  to  be  successful.  However,  in  completions 
using  ceramic  proppant.  the  authors  have  not  found  it 
necessary  to  rcstimulate  many  wells  as  it  appears  there  is 
minimal  proppant  degradation  or  flowback. 

Continued  Optimization 

After  seeing  the  positive  results  (presented  later  in  this  paper) 
with  20/40  ELWC.  the  designs  were  upgraded  to  a  16/20 
premium  sieve  LWC  for  most  treatments  performed  since 
May.  2006.  This  product  provides  the  most  uniform,  spherical 
grains  commercially  available  in  a  ceramic  proppant  and 
provides  significantly  higher  conductiv  itv  under  the  expected 
conditions.  This  is  the  same  substrate  selected  for  use  in  the 
transverse  fracs  described  in  References  9-12.  but  does  not 
require  a  resin  coating  in  this  applicatioa  since  essentially 
zero  proppant  flowback  lias  been  observed  when  utilizing  the 
uncoated  16/20  LWC.  12/18  and  8/12  mesh  ceramic 
proppants  that  are  commonly  utilized  with  excellent  results  in 
Russian  oil  wells16  have  been  considered  and  their 
performance  may  be  evaluated  in  future  Bakken  completions 

Field  Results 

Proppant  Flowback  -  One  of  the  notable  successes  with  this 
design  strategy  has  been  the  virtual  elimination  of  proppant 
flowback.  Many  operators  in  the  Bakken  report  tremendous 
problems  with  production  of  frac  sand,  requiring  frequent 
pump  changes  as  the  pumps  are  damaged  by  crushed  frac 
sand.  Stuck  pumps  are  a  common  problem,  resulting  in  strip 
jobs  to  recover  the  pump.  rods,  and  tubing  from  the  well.  The 
cost  to  strip  a  well  generally  exceeds  $35,000  plus  the  cost  of 
lost/deferred  production.  A  review  of  wells  completed  by 
three  operators  using  ceramic  proppant  indicates  zero  pump 
failures  due  to  crushed  reservoir  sand  or  proppant.  Recent 
wells  treated  with  uncoated  ceramic  proppant  (without  any 
additives  or  surface  modification  agents),  liavc  experienced 
zero  proppant  production  problems.  While  the  elimination  of 
proppant  flowback  with  spherical  grains  is  surprising  to  some 
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operators,  laboratory  and  theoretical  work  have  previously 
documented1' 1X19  this  effect. 

Radioactive  tracer  followed  by  a  tracer  log  is  typically 
incorporated  into  the  authors'  frac  designs  to  evaluate  the 
proppant  distribution  along  the  lateral.  Prior  to  the  tracer 
surve> .  a  cleanout  is  performed  to  remove  proppant  left  in  the 
wellbore  during  the  stimulation  treatment.  On  three 
occasions,  wells  were  re-entered  several  years  later  in 
preparation  for  a  rcfrac  and  only  minor  amounts  of  proppant 
were  found  in  the  horizontal  lateral.  This  is  in  contrast  to 
some  operators  who  have  been  forced  to  cleanout  massive 
quantities  of  frac  sand  before  attempting  refractures. 

Oil  Production  as  a  Function  of  Proppant  Ty  pe 

Although  the  elimination  of  sand  production  often  saves 
enough  money  to  offset  the  incremental  cost  of  ceramic 
proppant.  a  primary  justification  is  the  incremental  well 
productivity  observed. 

North  Dakota  -  Production  and  completion  data  were 
compiled  for  157  Bakken  wells  in  8  counties,  generally 
bounded  bv  Ranges  90-105  and  Townships  140-163  (Figure 
9) 


Figure  9  -  Area  of  Development  in  North  Dakota  analyzed  in  this 
Study 


for  wells  that  were  reconvictions  or  re-entries  of 
depleted  Bakken  intervals  were  removed  from  the  dataset 
yielding  151  wells.  Production  from  treatments  designed  by 
the  authors'  companies  were  then  compared  to  the  statewide 
average  (Figure  10).  As  the  Bakken  is  an  active  play,  there 
are  many  wells  that  have  not  yet  achieved  28  months  of 
production.  Average  production  rales  w  ere  calculated  for  each 
well  by  dividing  the  monthly  cumulative  production  by  the 
number  of  producing  days.  The  averages  at  Month  1  show  n  in 
Figure  10  are  based  on  128  "Other"  wells  and  13  "Author" 
wells.  At  Month  12.  the  averages  are  based  on  109  "Other" 
wells  and  12  "Author"  wells.  At  Month  22.  the  averages  are 
based  on  102  "Other"  wells  and  only  3  "Author"  wells  which 
have  been  on  production  for  this  duration.  This  change  in  well 
population  is  the  cause  of  the  jump  at  month  22,  as  several 
lower  rate  wells  have  only  been  on  production  for  21  months. 


□  Wens  Completed  by  Other  Operators  1 1 28  weits-AJI 
Proppant  Types  avg  619.000  lb/well  in  records  with 
complete  data) 

■Fracs  Designed  by  Authors  ( 1 3  Ceramic  Wells  avg 
405.000  lb/well) 
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Figure  10  -  Oil  production  for  laterals  stimulated  by  the  Authors 
compared  to  Statewide  Averages 

Although  these  results  appear  to  validate  the  design  strategy,  it 
was  necessary  to  further  examine  the  results  to  understand  the 
influence  of  engineering  design  and  local  v  ariation  in  reservoir 
quality.  Well  files  obtained  from  the  State  of  North  Dakota 
website  were  reviewed  for  all  wells.  Although  the  proppant 
type  is  reported  for  many  wells,  the  public  database  was 
enhanced  by  incorporating  the  proppant  delivery  records  from 
one  ceramic  proppant  manufacturer.  This  review  identified 
ten  additional  wells  completed  with  ceramic  by  seven 
additional  operators.  Although  these  ceramic  completions 
w  ere  not  as  productive  as  the  initial  thirteen,  inclusion  of  these 
wells  increased  the  ceramic  population  to  23  wells,  increasing 
the  statistical  confidence.  The  sand  category  includes  91  w  ells 
completed  by  20  operators.  Thirty  seven  wells  could  not  be 
included  in  the  above  categories  for  the  following  reasons: 

•  Proppant  type  not  reported:  incomplete  records 

•  Production  not  yet  posted  to  website  (new  well) 

•  Well  not  stimulated  due  to  mechanical  problems 

•  Both  ceramic  and  sand  utilized  in  treatments 

Figure  11  show  s  the  production  from  these  categories.  Of  the 
wells  excluded  because  the  proppant  type  was  not  reported  to 
the  State,  it  is  believed  the  vast  majority  utilized  frac  sand, 
based  on  the  operators*  typical  completion  strategies,  and 
review  of  one  ceramic  proppant  supplier  s  delivery  records. 
Inclusion  of  these  wells  in  the  sand  category  would  further 
depress  the  average  production  from  sand  completions. 


■  Wells  Known  to  be  Completed  with  Sand  (91  wells) 
□  Wells  with  Unknown  Proppant  Type  (37  wells) 
■Fracs  Known  to  be  Completed  with  Ceramic  (23  wells) 
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Figure  11  -  Oil  production  for  laterals  in  North  Dakota  as  a 
function  of  Proppant  Type. 
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Since  only  six  of  ihc  23  ceramic  wells  have  been  on-line  for 
22  months,  there  remains  uncertainty  regarding  the  long  term 
performance  of  Bakken  wells  However  Figure  1 1  suggests 
that  greater  long-term  production  is  provided  by  the  ceramic 
completions.  Figure  12  shows  the  cumulative  production 
reported  to  the  State  for  these  completions.  The  unusual 
flattening  of  the  sand  curve  after  20  months  is  due  to  changes 
in  well  population,  as  some  of  the  recent  tri-latcral  sand  wells 
utilizing  1  million  pounds  of  frac  sand  have  provided 
improved  initial  production  rates,  but  have  not  been  on-line 
long  enough  to  affect  production  rates  beyond  20  months, 
which  is  increasingly  dominated  by  older,  lower  productivity 
sand  wells. 
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Figure  12  -  Average  cumulative  Oil  Production  per  lateral  for 
Sand,  Ceramic,  and  Unknown  Completions  in  North  Dakota 

Instead  of  dividing  well  production  by  the  number  of  drilled 
laterals,  it  is  also  interesting  to  view  the  total  well  rate 
disregarding  the  well  configuration  (Figure  13).  Using  the 
same  production  data  normalized  by  well  instead  of  by  lateral, 
many  of  the  wells  with  incomplete  data  are  found  to  be 
relatively  productive,  but  are  multi-lateral  completions. 
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Figure  13  -  Average  cumulative  Oil  Production  per  well  for  Sand, 
Ceramic,  and  Unknown  Completions  in  North  Dakota 

Geological  Variation 

While  these  state-wide  trends  suggest  fracture  conductivity 
affects  production  (evidence  of  transverse  fracs).  it  is 
important  to  examine  the  results  in  smaller  regions  to  ensure 
that  the  results  arc  not  skew  ed  by  the  use  of  ceramic  proppant 


in  a  "sweet  spot"  This  review  indicates  that  there  are 
townships  in  North  Dakota  in  which  both  ceramic  and 
have  been  utilized.  While  the  full  comparison  is  too 
cumbersome  to  report  here,  in  only  three  of  these  nine 
townships  does  the  average  sand  treatment  provide  greater 
long  term  production  than  the  average  ceramic  treatment. 
Tins  is  in  spite  of  smaller  av  erage  treatment  sizes  with  ceramic 
proppant  (statewide.  23  ceramic  wells  averaged  441.671 
lb/well  or  338.615  lb/lateral,  while  91  sand  wells  averaged 
630,219  lb/well  or  360.691  lb/lateral).  In  six  of  nine  North 
Dakota  townships  with  both  proppant  types  used  in  offset 
wells,  ceramic  laterals  are  providing  substantially  higher 
production. 

This  is  not  meant  to  imply  that  ceramic  proppant  is  a  magic 
bullet.  The  averages  include  four  wells  stimulated  with 
ceramic  proppant  which  produced  less  than  25  BOPD  six 
months  after  initial  production.  Sustained  production  requires 
adequate  reservoir  quality,  treatment  design  and  execution. 

Slickwater  Fracturing  -  One  operator  lias  recently 
published1 1  the  first  30  days  of  production  data  for  slickwater 
and  cross-linked  gel  treatments  in  the  North  Dakota  Bakken. 
Details  of  treatment  size,  lateral  length,  and  stimulation  cost 
are  provided  in  the  reference.  The  authors  have  utilized  public 
data  sources  to  track  the  continued  production  of  those  wells 
(Figure  14).  Square :  symbols  represent  monthly  production 
rates  per  lateral  for  nine  wells  treated  with  crosslinked  fluids 
and  20/40  ELWC.  denoted  by  XL1  through  XL9  in  SPE 
108045.  A  single  well  received  a  slickwater  stimulation  w  ith 
30/50  ELWC  (denoted  as  LV2  with  an  asterisk  symbol)  and 
four  wells  were  treated  with  40/70  Ottawa  sand  in  slickwater. 
represented  by  circles  and  LV  denoting  low  viscosity.  The 
nine  wells  treated  with  20/40  ELWC  in  cross-linked  fluids 
have  averaged  over  50%  higher  production  than  slickwater 
treatments  with  40/70  sand.  Furthermore,  the  single  well 
treated  with  30/50  ELWC  and  slickw  ater  has  outperformed  all 
types  of  wells.  One  wouldn't  expect  higher  conductivity 
proppant  to  benefit  a  longitudinal  frac.  These  results  further 
suggest  that  these  fracs  may  have  developed  some  transverse 
component 
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Figure  14  -  Cross-linked  treatments  with  20/40  ELWC  averaged 
approximately  50%  higher  production  during  the  first  11  months 
compared  to  slickwater  fracs  with  40/70  sand, 
slickwater  treatment  with  30/50  ELWC  has  been  < 
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The  performance  of  the  slickwater  treatment  with  30/50 
ELWC  was  obviously  intriguing  Figure  15  shows  a  map 
presentation  of  this  and  nearby  wells  in  the  Capa  Field.  The 
well  denoted  as  LV2  in  Figure  14  is  the  Ferguson  Smith  1- 
30H  in  Figure  15. 
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Figure  16  -  Total  Weil  Production  for  Wells  shown  in  Figure  15. 
The  two  ceramic  wells  are  Ferguson  Smith  1-30H  and  Russell  E. 
Smith  24-43H.     .  . 

Overall,  the  analyses  of  North  Dakota  completions  suggest 
that  higher  production  rales  have  been  obtained  with  wells 
using  ceramic  proppant.  despite  smaller  frac  treatments. 
These  results  validate  the  authors'  impression  that  transverse 
fracs  are  created  in  some  wells. 


Figure  15  -  Orientation  and  Treatment  Data  for  Horizontal  Bakken 
wells  in  the  Capa  Field.  All  data  from  public  sources. 

The  total  production  from  these  wells  is  shown  in  Figure  16. 
In  this  Figure,  the  rate  has  not  been  normalized  by  the  number 
of  laterals  From  public  sources,  there  are  inadequate  data  to 
correct  all  production  for  fracture  dates  and  pumping 
conditions.  For  instance,  the  Ferguson  Smith  well  was 
stimulated  prior  to  production,  while  the  Russell  Smith  well 
was  produced  prior  to  stimulation.  Regardless,  it  is  apparent 
that  wells  in  this  area  are  providing  excellent  production  (by 
North  Dakota  Bakken  standards),  and  that  slickwater  fracs  are 
a  viable  alternative  in  this  field  It  also  appears  that  the  two 
wells  known  to  have  been  stimulated  with  ceramic  proppants 
(one  w  ith  slickwater.  one  with  crosslinked  gel)  appear  to 
provide  superior  sustained  production  compared  to  wells 
treated  with  sand  or  unknown  proppant  type.  While 
completion  decisions  clearly  should  not  be  based  on  an 
isolated  study  of  these  seven  wells,  this  comparison  largely 
corroborates  the  understanding  that  conductivity  is  important 
in  the  Bakken  completions.  A.uain  this  finding  suggests  that 
frac  grow  th  is  not  solely  limited  to  longitudinal  orientation. 


In  Montana,  production  results  have  been  tabulated  from  the 
State  records  for  509  horizontal  wells  in  the  Elm  Coulee  Field. 
Tins  field  is  located  w  ithin  Richland  County  (Figure  17)  and 
is  generally  bounded  by  Tow  nships  2  IN  to  27N  and  Ranges 
50E  to  60E. 


Figure  17  -  Location  of  Elm  Coulee  Field  in  Richland  County, 
Montana 


The  proppant  type  is  not  disclosed  on  the  Montana  website, 
therefore  the  author  s  32  wells  completed  with  higher 
conductivity  ceramic  proppant  are  compared  to  477  wells  of 
unknow  n  proppant  t\pe.  As  show  n  in  Figure  18.  comparing 
the  full  results  from  Bakken  wells  across  34  townships,  the 
author's  completions  do  not  appear  to  be  as  good  as  the  Field 
wide  average.  Figure  18  also  distinguishes  between  wells 
completed  with  a  broadly  sieved  ceramic  and  16/20  and  20/40 
ceramics. 
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□  Laterals  Completed  by  Other  Operators  (477  wells  wrth  unknown  designs) 

■  Laterals  Completed  by  Authors  (26  wells  with  20/40  or  16/20  Ceramtc  ) 

■  Laterals  Completed  by  Authors  (6  wctls  wilh  broadly  sieved  ceramic) 


11    13    15    17    19    21    23    25  27 
Months  from  Initial  Production 

Figure  18  -  Production  Rate  by  Author's  Laterals  do  not  compare 
favorably  to  477  wells  in  34  Townships  across  the  Elm  Coulee 
Field. 

Although  Figure  18  docs  not  show  the  same  trend  as  the  North 
Dakota  results,  the  Montana  analysis  may  be  skewed  by 
reservoir  quality  variation  across  the  34  townships  (over 
750.000  acres)  these  results  represent.  It  is  well  known  that 
reservoir  quality  varies  throughout  the  Bakken.  In  Montana, 
the  author's  wells  arc  concentrated  in  seven  townships. 
Figure  19  indicates  that  five  of  the  author  s  tow  nships  are 
below  average  and  two  townships  arc  above  average. 
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Figure  19  -  Author's  Weils  are  located  in  seven  Townships- 
are  above  the  Montana  Average  and  five  are  below  Average. 


Similar  to  the  North  Dakota  analyses,  the  authors  prefer  to 
analyze  results  on  a  smaller  geographical  basis  to  reduce  the 
effect  of  reservoir  variation  on  outcome.  Figure  20  show  s  the 
area  developed  by  wells  drilled  in  Township  23N-57E.  Tins 
township  contains  45  Bakken  wells  38  wells  completed  by 
seven  different  operators  using  unknown  proppants  plus  seven 
wells  completed  by  the  authors  denoted  by  a  star 


Figure  20  -  Location  of  seven  wells  completed  by  the  authors 
(denoted  by  stars)  compared  to  38  offset  wells  completed  by 
seven  different  operators. 

Figure  21  compares  the  production  from  wells  in  Tow  nship 
23N-57E.  Although  initial  rates  were  over  85  bopd  higher  for 
laterals  stimulated  with  ceramic,  when  evaluated  over  three 
years,  the  incremental  production  is  approximately  10  bopd 
for  the  proppants  currently  utilized  by  this  operator. 
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□  Laterals  Completed  by  Other  Operators  (38  wells  with  unknown  designs) 

■  Laterals  Completed  by  Authors  (5  wells  with  20/40  or  16/20  Ceramic  ) 

■  Laterals  Completed  by  Authors  (2  wells  with  broadly  sieved  ceramic) 


1     3     5     7     9    11    13   15   17   19  21    23  25  27  29  31    33  35  37 
Montns  from  initial  rroouction 

Figure  21  -  Incremental  production  averaged  10  bopd  for  each 
lateral  stimulated  with  20/40  or  16/20  ceramic. 

Only  five  of  the  seven  townships  have  offset  wells  developed 
by  other  operators,  and  only  1  to  3  ceramic  completions  are 
available  for  comparison  in  two  townships.  However,  based 
on  these  very  sparse  data,  it  appears  ceramic  completions  are 
exceeding  production  from  offset  wells  in  Montana,  but  not  by 
as  large  a  margin  as  observed  in  North  Dakota.  A  more 
detailed  review  of  Montana  results  will  require  investigation 
of  the  proppant  ty  pe  and  mass  utilized  in  each  treatment 
(winch  is  not  currently  available  on  the  Montana  website). 
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Although  the  North  Dakota  and  Montana  field  results  suggest 
that  high  quality  proppants  arc  increasing  Bakkcn  production, 
a  correct  proppant  selection  cannot  be  made  without  an 
economic  evaluation 

Value  Comparison  -  Bakken  wells  in  general  are  expensive 
to  drill  and  complete  Depending  on  well  complexity,  the 
number  of  laterals  and  other  factors.  Bakkcn  wells  frequently 
cost  $4  million  to  $8  million  each.  Ceramic  proppant  is  also 
expensive,  with  the  authors  normally  paying  35-40  cents/lb 
incremental  cosl  for  a  premium  sieved  LWC  over  the  white 
sand  typically  utilized  by  other  area  operators.  With  treatment 
sizes  ranging  250,000  to  350,000  lbs.  the  cost  to  upgrade  to 
premium  LWC  is  $100,000  to  $150,000.  Additionally,  many 
walcrfracs  arc  pumped  at  very  high  rates  of  80  to  120  barrels 
per  minute,  and  require  incremental  charges  for  increased 
horsepower,  water  hauling  and  frac  tanks. 

While  an  increase  in  cost  of  $150,000  should  not  be  taken 
lightly,  the  cost  of  a  proppant  upgrade  increases  the  wellcost 
by  2%  to  4%.  Therefore,  if  superior  proppant  is  expected  to 
increase  the  productivity  and  ultimate  recovery  of  these 
completions  by  more  than  4%,  it  will  improve  overall  well 
economics.  As  shown  previously,  field  results  indicate  the 
investment  in  premium  proppant  has  increased  production  by 
substantially  more  than  4%,  thereby  providing  a  higher  rate  of 
return  than  drilling  the  base  well.  This  does  not  include  the 
added  benefit  associated  with  the  savings  in  proppant 
flow  back  problems  encountered  with  frac  sand. 

Note  that  some  operators  place  much  larger  stimulation 
treatments  than  the  authors.  While  some  have  drilled 
enormously  long,  complex  multi-lateral  completions, 
stimulated  with  over  1  million  pounds  of  sand  at  high 
pumping  rates,  there  is  insufficient  information  to  evaluate  the 
cost  of  those  completions.  If  an  operator  chose  to  upgrade  1 
million  pounds  of  frac  sand  to  ceramic,  a  well  may  need  to 
demonstrate  a  10%  increase  in  productiv  ity  for  the  proppant  to 
have  the  same  incremental  ROI  (Return  on  Investment)  as 
drilling  additional  wells.  While  the  authors  believe  this  is  an 
achievable  hurdle,  it  is  not  clear  whether  extremely  large 
volumes  of  proppant  are  optimal  if  there  is  a  likelihood  of 
transverse  fracture  development.  Instead,  the  authors  have 
found  it  to  be  more  economic  to  simplify  the  well  design,  drill 
shorter  laterals,  and  place  smaller  fractures  containing  high 
conductivity  proppant. 

Payout  Comparison  -  Using  $150,000  as  the  incremental 
cost  of  ceramic  proppant  and  $40/bbl  effective  wellhead  oil 
price  corrected  for  royalties,  taxes,  etc.,  it  would  require 
approxi  match  10  bopd  incremental  rate  to  payout  the 
incremental  cost  in  one  year.  The  production  data  from  North 
Dakota  suggests  the  upgrade  is  far  exceeding  that  hurdle,  and 
in  Montana,  the  10  bopd  appears  to  be  reached. 

EUR  Comparison  -  Although  the  datasct  is  small,  it  appears 
that  ceramic  completions  have  a  shallower  decline  rate  and 
will  produce  higher  ultimate  reserv  es  than  sand  completions. 


Other  Bakken  Considerations 

Slickwater  Fracturing  -  The  North  Dakota  discussion 
highlights  some  of  the  recent  success  with  slickwater 
treatments  in  the  Bakken.  While  the  potential  to  reduce  gel 
damage  is  intriguing,  the  authors  have  not  adopted  this 
strategy  at  this  time.  In  addition  to  conductiv  ity  and  div  ersion 
concerns,  it  appears  that  slickwater  fracturing  has  resulted  in 
excessiv  e  height  growth  in  some  w  ells  due  cither  to  extremely 
large  fluid  volumes  or  high  pumping  rates.  A  number  of 
slickwater  treatments  appear  to  have  frae'd  into  the  Madison 
formation  based  on  high  levels  of  H2S  and  sometimes  high 
watercut  post-frac.  Tins  lias  not  been  obsened  w  ith  smaller 
cross-linked  gel  treatments  contained  within  the  Bakken.  If 
operators  continue  to  encounter  high  H2S  levels  following 
waterfrac  stimulation,  it  may  necessitate  corrosion  resistant 
alloys  be  selected  in  mbulars.  which  will  significantly  impact 
well  economics. 

Overfishing  -  Some  operators  significantly  overflush  or 
overdisplace  their  treatments  to  reduce  the  flowback  of  frac 
sand.  Willi  slickwater  treatments,  this  may  pose  little  concern, 
as  small  overflush  volumes  are  not  expected  to  significantly 
erode  near-wellbore  settled  banks.  Even  with  crosslinked 
fluids,  if  the  fractures  are  longitudinal  with  the  wellbore.  there 
would  be  little  anticipated  damage  because  sufficient 
intersection  between  the  wellbore  and  fracture  will  remain. 
However,  if  fractures  are  transverse  (as  suspected  by  the 
authors),  overdisplacing  proppant  carried  in  a  cross-linked 
fluid  may  seriously  compromise  the  wellbore  to  fracture 
connectivity.  With  ceramic  proppants.  the  operators  have 
observed  no  proppant  flowback  and  therefore  find  no  need  to 
overflush  treatments. 

Aggressive  Drawdown  -  Some  operators  are  hesitant  to  "pull 
their  wells  hard"  -  as  they  experience  significant  sand 
production  and/or  loss  of  productivity.  Some  operators 
contend  that  the  natural  fissures  in  the  reservoir  can  be 
permanently  damaged  by  reducing  the  pressure  too  quickly. 
How  ev  er,  this  phenomenon  lias  not  been  observed  w  hen  using 
ceramic  proppant.  and  therefore  the  authors  believe  that  a 
sudden  collapse  of  well  productivity  could  be  attributed  to  the 
severe  cruslung  of  frac  sand  when  the  bottomhole  pressure  is 
reduced,  thus  requiring  the  lower  strength  proppants  to  support 
the  full  closure  stress.  There  are  insufficient  data  available  to 
calculate  the  bottomhole  pressure  of  other  operator  s  wells,  so 
it  was  not  possible  to  normalize  production  data  for  drawdow  n 
in  this  study. 

Frac  Fluids  -  Some  operators  are  utilizing  oil  based  frac 
fluids.  This  study  has  not  made  any  attempt  to  deduct  the 
flowback  of  oil  based  load  fluids  from  the  reported  oil 
volumes.  However,  one  recent  attempt  to  place  16/20 
proppant  prematurely  screened  out  using  oil  based  gels,  and  at 
this  time  it  has  not  been  determined  whether  it  was  due  to  the 
difficulties  associated  w  ith  maintaining  desired  fluid  rheology 
w  ith  oil-based  fluids.  The  author  s  ceramic  wells  in  tins  study 
arc  all  treated  using  water  based  frac  fluids. 
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Long  Laterals  to  Hold  Acreage  -  While  the  author  s  strategy 
lias  been  to  drill  laterals  that  can  be  efficiently  fractured  u  itb 
currently  economic  techniques  explained  in  this  paper,  some 
operators  choose  to  drill  longer  laterals  in  an  attempt  to  hold 

acreage.  This  is  a  separate  consideration  that  was  not 
evaluated  here 

Wellbore  Orientation  -  The  authors  have  found  superior 
production  from  wcllbores  oriented  NW-SE.  The  authors 
believe  this  azimuth  allows  creation  of  multiple  transverse 
fracs.  While  mam  of  the  wells  analyzed  in  this  paper  have 
been  multilateral  completions,  the  author's  current  strategy  is 
to  drill  single  laterals  generally  oriented  in  the  NW-SE 
orientation,  treated  with  high  conductivity  transverse  fracs.  If 
an  operator  is  not  designing  the  fractures  to  accommodate 
flow  convergence  in  transverse  fracs.  it  is  not  certain  that  this 
same  azimuth  will  be  optimal. 

Conclusions 

1)  Horizontal  wells  with  longitudinal  fractures  have 
exceedingly  low  conductivity  requirements  -  any 
efforts  to  place  better  proppant.  cleaner  fluids,  on-site 
QC.  etc.  has  minimal  effect  on  production. 

2)  Horizontal  wells  with  transverse  fractures  have 
exceedingly  high  conductivity  requirements  -  any 
efforts  to  increase  near  wellbore  conductivity  with 
superior  proppants.  increased  fracture  widths,  cleaner 
fluids  should  be  rewarded  with  significant  increases 
in  well  productivity. 

3)  Currently,  no  fracture  mapping  data  in  the  Bakken  is 
available  for  public  review.  However,  based  on 
treating  records,  offset  well  watercuts.  radioactive 
tracer  surveys  and  other  modeling,  many  Bakken 
fractures  appear  to  propagate  in  a  transverse 
orientation  to  the  wellbore. 

4)  It  appears  that  shorter  laterals  propped  with  smaller 
fracs  containing  high  quality  proppant  are  producing 
at  superior  sustained  production  rates  compared  to 
conventional  treatments  using  larger  quantities  of 
frac  sand. 

5)  Superior  long-term  production  from  high  quality 
ceramic  wells  lias  been  observed,  suggesting 
increased  EUR  with  better  proppant.  and  thus 
reinforcing  the  theory  that  transverse  fracs  are 
propagated  from  some  Bakken  laterals. 

6)  Restimulation  treatments  have  been  very  successful 
for  offset  operators  on  wells  winch  originally  utilized 
frac  sand.  However,  wells  treated  with  more  durable 
proppant  have  less  proppant  flow  back  and  may  hav  e 
a  reduced  need  for  restimulation. 

7)  The  authors  have  experienced  zero  pump  failures 
caused  by  proppant  fiowback  from  wells  stimulated 
with  uncoated  ceramic  proppant.  This  presents  a 
significant  cost  and  downtime  savings  compared  to 
some  operator's  experience  w  ith  sand. 

8)  Based  on  the  author's  cost  structure,  it  is  more  cost- 
effective  to  drill  shorter  horizontal  wells  with  a 
simple  architecture,  and  stimulate  with  high  quality 
proppant.  The  reduced  drilling  and  isolation 
expenses  easily  offset  the  incremental  proppant  cost. 


reducing  total  development  cost,  while  yielding 
improved  production  and  EUR  even  in  areas  w  ith 
marginal  reserv  oir  quality. 
9)  It  is  recognized  that  geological  variations  across  the 
Bakken  will  alter  the  completion  strategy  in  specific 
locations.  As  additional  production  data  become 
available  more  detailed  localized  studies  should  be 
conducted  to  further  optimize  completion  designs. 

Nomenclature 


BOPD  Barrels  of  Oil  per  Day 

ELWC  Economy  Light  Weight  Ceramic 

EUR  Expected  Ultimate  Recovery 

ISP  Intermediate  Strength  Proppant  (ceramic) 

LWC  Light  Weight  Ceramic 

Sand  Frac  Sand,  here  premium  White  sand 

<W  Maximum  Principle  Horizontal  Stress 

omm  Minimum  Principle  Horizontal  Stress 

Xf  Fracture  Half-Length 
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Appendix 

Simplified  Frac  Design  for  a  Single  Short  Lateral  Designed  for  Transverse  Fracs  from  a  Horizontal  Wellbore 

Pumping  rates  vary  based  on  lateral  length/orientation/conditions/design.  Typical  rates  30  to  70  bpm 
Water-based  fluids,  linear  gel  for  flush,  cross-linked  gel  for  treatment 
SMA  denotes  Surface  Modification  Agent 
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COMMUNICATION  DURING  FRACTURE  STIMULATION 


A  large  kick (1)  was  recently  taken  on  a  well  being  horizontally  drilled  for  unconventional  gas  production  in 
the  Montney  formation.  The  kick  was  caused  by  a  fracturing  operation  being  conducted  on  an  adjacent 
horizontal  well.  Fracture  sand  was  circulated  from  the  drilling  wellbore,  which  was  670m  from  the  wellbore 
undergoing  the  fracturing  operation. 

To  date,  the  BC  Oil  and  Gas  Commission  (Commission)  is  aware  of  18  fracture  communication  incidents  in 
B.C.  and  one  in  Western  Alberta  as  follows: 

Five  incidents  of  fracture  stimulation  resulting  in  communication  with  an  adjacent  well 


during  drilling. 

•  Three  incidents  of  drilling  into  a  hydraulic  fracture  formed  during  a  previous  stimulation 
on  an  adjacent  well  and  containing  high  pressure  fluids. 

•  Ten  incidents  of  fracture  stimulations  communicating  into  adjacent  producing  wells. 

One  incident  of  fracture  stimulation  communication  into  an  adjacent  leg  on  the  same 
well  for  a  multi-lateral  well. 


To  date,  all  kicks  taken  during  drilling  were  successfully  controlled  through  conventional  drilling  safety 
measures  (e.g.  circulation  with  kill  mud  and/or  reduction  of  the  invading  fracture  stimulation  pressure  through 
controlled  venting).  Large  kicks  resulted  in  volumes  up  to  80m3  of  fluids  produced  to  surface.  Invading  fluids 
have  included  water,  carbon  dioxide,  nitrogen,  sand,  drilling  mud,  other  stimulation  fluids  and  small  amounts 
of  gas. 

Fracture  fluids  introduced  into  producing  wells  result  in  suspended  production,  substantial  remediation  costs 
and  pose  a  potential  safety  hazard. 

Incidents  have  occurred  in  horizontal  wells  with  separation  distances  between  well  bores  ranging  from  50m 
to  715m. 

Fracture  propagation  via  large  scale  hydraulic  fracturing  operations  has  proven  difficult  to  predict.  Existing 
planes  of  weakness  in  target  formations  may  result  in  fracture  lengths  that  exceed  initial  design  expectations. 


For  oil  and  gas  incidents  and  emergencies,  please  contact  the  Commission  at: 

1-800-663-3456  (24  hours). 


RECOMMENDATIONS 


It  is  recommended  that  operators  cooperate  through  notifications  and  monitoring  of  all  drilling  and  completion 
operations  where  fracturing  takes  place  within  1000m  of  well  bores  existing  or  currently  being  drilled. 

Operators  are  reminded  of  Commission  Information  Letter  #  OGC  08-20  which  addresses  communication 
and  coordination  with  other  operators  during  drilling  and  work  over  operations. 

Finally,  the  Commission  notes  that  any  communication  between  fracture  operations  and  existing  well  bores 
or  well  bores  being  drilled  must  be  reported  immediately  to  the  Commission  via  the  incident  reporting  line  at 
1-800-663-3456. 


Should  you  have  any  questions  regarding  this  Safety  Advisory,  please  contact: 

Graham  Currie 
Corporate  Affairs  Division 
BC  Oil  and  Gas  Commission 
250.419.4420 
Graham.Currie(5)qov.bc.ca 


(1)  A  kick  is  an  unintended  entry  of  water,  gas,  oil,  or  other  formation  fluid  into  wellbore  that  is  under  control  and 
can  be  circulated  out.  It  occurs  when  the  formation  fluid  is  driven  by  a  formation  pressure  that  is  greater  than  the 
pressure  exerted  on  it  by  the  column  of  drilling  mud  in  the  wellbore.  If  the  formation  fluid  is  not  controlled  a 
blowout  may  result. 
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United  States 

General  Accounting  Office 

Washington,  D.C.  20548 


Resources,  Community,  and 
Economic  Development  Division 

B-227690 

JulyS,  1989 

The  Honorable  Mike  Synar 
Chairman,  Environment,  Energy, 

and  Natural  Resources  Subcommittee 
Committee  on  Government  Operations 
House  of  Representatives 

Dear  Mr.  Chairman: 

As  requested,  we  have  reviewed  how  the  Environmental  Protection  Agency  (epa)  and  states 
are  regulating  underground  injection  of  wastes  related  to  oil  and  gas  production.  Under  the 
Safe  Drinking  Water  Act,  epa  established  safeguards  to  protect  underground  sources  of 
drinking  water  from  improper  injection  of  wastes. 

As  arranged  with  your  office,  unless  you  publicly  announce  its  contents  earlier,  we  will  make 
this  report  available  to  other  interested  parties  30  days  after  the  date  of  this  letter.  At  that 
time,  we  will  also  send  copies  to  other  appropriate  congressional  committees;  the 
Administrator,  epa;  and  the  Director,  Office  of  Management  and  Budget. 

This  work  was  performed  under  the  direction  of  Richard  L.  Hembra,  Director  for 
Environmental  Protection  Issues.  Other  major  contributors  to  this  report  are  listed  in 
appendix  II. 

Sincerely  yours, 


Executive  Summary 


PlirnOSP  About  half  the  population  of  the  United  States  depends  on  groundwater 

*^  for  its  drinking  water.  To  help  protect  these  supplies  from  contamina- 

tion, the  Safe  Drinking  Water  Act  of  1974  requires  the  Environmental 
Protection  Agency  (epa)  and  states  to  whom  epa  has  delegated  authority 
to  regulate  the  injection  of  industrial  waste  products  into  the  ground 
below  drinking  water  supplies. 

At  the  request  of  the  Chairman,  Environment,  Energy,  and  Natural 
Resources  Subcommittee,  House  Committee  on  Government  Operations, 
gao  has  been  examining  epa's  underground  injection  control  program. 
This  report  addresses  the  regulation  of  injection  wells  used  in  oil  and  gas 
production,  focusing  specifically  on  (1)  whether  evidence  exists  of 
drinking  water  contamination  from  these  wells,  and  if  so,  the  causes  and 
actions  taken  to  prevent  similar  occurrences  and  (2)  the  degree  to  which 
states  have  implemented  program  safeguards  to  protect  against  drinking 
water  contamination. 


Background  Through  underground  injection,  wastes  and  other  fluids  are  deposited  in 

^  porous  rock  formations  below  drinking  water  sources,  epa's  program, 

created  in  1980,  established  five  classes  of  iryection  wells.  Those  used 
during  oil  and  gas  operations  are  Class  II  wells;  the  other  classes  are 
used  for  various  types  of  hazardous  and  nonhazardous  waste  disposal. 

Class  II  injection  wells  are  used  to  dispose  of  strongly  saline  water 
(brines)  produced  when  oil  and  gas  are  extracted  or  for  reinjecting  these 
fluids  into  oil  fields  to  enhance  oil  recovery.  These  brines  contain  high 
levels  of  chloride — up  to  four  times  more  than  seawater — and  total  dis- 
solved solid  levels  up  to  200  times  greater  than  epa's  drinking  water 
taste  standard.  Brines  from  Class  II  wells  can  enter  drinking  water  sup- 
plies directly,  through  cracks  and  leaks  in  the  well  casing,  or  indirectly, 
through  nearby  wells,  such  as  those  once  used  for  oil  and  gas  produc- 
tion, that  have  ceased  operating.  If  these  abandoned  wells  are  not  prop- 
erly plugged — that  is,  sealed  off — and  have  cracked  casings,  they  can 
serve  as  pathways  for  injected  brines  to  enter  drinking  water.  Because 
groundwater  moves  very  slowly,  any  contaminants  that  enter  it  will 
remain  concentrated  for  long  periods  of  time,  and  cleanup,  if  it  is  techni- 
cally feasible,  can  be  prohibitively  costly. 

The  United  States  has  about  160,000  Class  II  injection  wells  located  in 
31  states.  Under  provisions  of  the  Safe  Drinking  Water  Act,  epa  has  dele- 
gated primacy,  or  primary  authority  to  regulate  underground  injection, 


Page  2 


GAO/RCED-89-97  Underground  Waste  Disposal 


Executive  Summary 


to  21  of  these  states,  with  84  percent  of  the  Class  II  wells,  while  the 
remaining  states  have  EPA-administered  programs. 

epa  did  not  issue  regulations  for  primacy  states  to  follow  in  developing 
their  programs  but  issued  less  binding  guidance  documents,  which  speci- 
fied a  number  of  basic  safeguards  to  protect  against  drinking  water  con- 
tamination. The  guidance  includes:  (1)  operator-conducted  pressure 
tests  to  check  for  cracks  and  leaks  in  the  wells  before  they  receive  a 
permit  to  begin  operations  and  (2)  pressure  tests  and  reviews  of  well 
files  for  wells  that  were  already  operating  under  state  programs  before 
the  federal  program  went  into  effect  to  make  sure  the  wells  had  been 
properly  constructed  and  were  being  properly  operated. 

While  gao's  evaluation  of  contamination  cases  was  nationwide,  its  eval- 
uation of  how  safeguards  have  been  implemented  focused  only  on  state- 
administered  programs,  under  which  most  Class  II  wells  are  regulated. 
gao  analyzed,  in  late  1987  and  early  1988,  a  randomly  selected  sample 
of  Class  II  wells  in  four  of  the  primacy  states — Kansas,  New  Mexico, 
Oklahoma,  and  Texas — to  determine  the  extent  to  which  states  imple- 
mented program  safeguards.  About  two-thirds  of  the  state-regulated 
Class  II  wells  are  located  in  these  four  states. 


RGSllltS  ill  Brief  Although  the  full  extent  is  unknown,  epa  is  aware  of  23  cases  nation- 

wide in  which  drinking  water  was  contaminated  by  Class  II  wells.  In 
many  of  these  cases,  improperly  plugged  oil  and  gas  wells  in  the  vicinity 
of  injection  wells  served  as  the  pathway  for  brines  to  reach  drinking 
water.  Although  operators  of  wells  that  began  operating  after  the  pro- 
gram went  into  effect  are  required  to  search  for  and  plug  any  improp- 
erly plugged  wells  in  the  immediate  vicinity  of  their  iryection  wells,  this 
requirement  does  not  apply  to  those  Class  II  wells  that  were  operating 
before  the  program.  Injection  wells  already  operating  before  the  pro- 
gram accounted  for  nearly  all  of  the  cases  in  which  contamination  has 
occurred  through  migration  into  improperly  plugged  wells.  Moreover, 
gao  estimates  that  at  least  70  percent  of  its  universe  of  Class  II  wells 
were  already  operating  before  the  program  and  therefore  have  not  been 
subject  to  the  requirement  to  search  and  plug  nearby  improperly 
plugged  wells. 

Although  the  four  state  programs  we  analyzed  require  the  safeguards 
that  are  currently  part  of  epa's  program,  some  of  these  states  are  issuing 
permits  to  operate  new  Class  II  wells  without  evidence  that  pressure 
tests  were  conducted,  and  some  have  not  finished  reviewing  files  and 
pressure  testing  some  of  the  existing  wells,  epa  and  the  states  have 
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taken  steps  to  address  some  of  these  problems,  but  the  states  still  need 
better  documentation  before  issuing  permits. 


Principal  Findings 


Drinking  Water 
Contamination 


The  full  extent  to  which  Class  II  wells  have  caused  drinking  water  con- 
tamination is  unknown,  largely  because  the  method  for  detecting  con- 
tamination— installing  underground  monitors — can  itself  create  a 
conduit  for  contamination  and  is  therefore  not  widely  used.  Among  the 
23  known  contamination  cases,  most  resulted  from  cracks  in  the  injec- 
tion wells  or  from  injection  directly  into  drinking  water;  these  cases 
were  discovered,  for  the  most  part,  as  a  result  of  required  pressure  test- 
ing and  file  reviews.  However,  in  more  than  a  third  of  the  known  cases, 
drinking  water  became  contaminated  when  injected  brines  traveled  up 
into  improperly  plugged  abandoned  wells  in  the  vicinity  of  the  injection 
wells  and  entered  drinking  water  through  cracks  in  these  old  wells. 
Since  all  but  one  of  these  injection  wells  were  already  operating  at  the 
time  the  program  took  effect,  searches  for  and  plugging  of  improperly 
plugged  wells  in  the  vicinity  of  the  injection  wells  were  not  required. 
Contamination  was  not  discovered,  for  the  most  part,  until  water  sup- 
plies became  too  salty  to  drink  or  crops  were  ruined. 

In  1976,  before  beginning  the  program,  epa  proposed  requiring  all  opera- 
tors to  search  for  and  plug  any  improperly  plugged  abandoned  wells 
within  a  1/4-mile  radius  of  their  injection  wells.  However,  commenters 
objected  to  making  all  wells  subject  to  this  rule  because  of  the  high  costs 
involved,  epa  decided  to  exempt  those  wells  already  operating,  reason- 
ing that  because  of  the  proximity  between  new  wells  and  existing  wells, 
the  searches  undertaken  in  the  1/4-mile  radius  of  new  wells  would  even- 
tually uncover  and  result  in  the  plugging  of  all  the  old  wells. 

Since  then,  however,  relatively  few  new  injection  wells  have  come  into 
operation.  As  a  result,  less  than  a  third  of  gao's  universe  of  wells  has 
been  subject  to  area-of-review  requirements.  On  the  basis  of  a  survey  of 
old  oil  and  gas  production  records,  epa  has  estimated  that  there  are 
approximately  1.2  million  abandoned  oil  and  gas  wells  in  the  United 
States,  of  which  about  200,000  may  not  be  properly  plugged.  Moreover, 
among  the  four  states  that  gao  examined,  state  officials  in  all  but  New 
Mexico  believe  that  the  numbers  of  improperly  plugged  wells  are 
increasing — the  result  of  the  current  economic  decline  in  the  oil 
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industry.  Although  these  four  states  have  programs  to  plug  these  wells, 
Texas  and  Oklahoma  officials  said  they  now  have  more  wells  to  be 
plugged  than  they  can  afford  to  pay  for,  and  Kansas  officials  fear  that 
with  the  increased  numbers  of  wells  reported  each  year,  their  plugging 
program  may  not  be  sufficient  in  the  future. 


Implementation  of 
Program  Safeguards 


At  the  time  of  gao's  review  of  well  files  in  late  1987  and  early  1988, 
implementation  of  program  safeguards  in  the  four  states  reviewed  was 
mixed,  gao  found  that  the  files  of  41  percent  (with  a  sampling  error  of 
+  14  percent)  of  the  wells  with  permits  contained  no  evidence  that  pres- 
sure tests  had  ever  been  performed,  even  though  these  tests  are 
required  before  start-up  and  every  5  years  thereafter.  In  three  of  the 
four  states  gao  reviewed,  internal  controls  were  not  in  place  to  ensure 
that  all  necessary  documentation  was  on  file. 


States  have  also  had  mixed  results  in  their  reviews  and  tests  of  wells 
that  were  operating  before  the  program  took  effect.  About  32(+18)  per- 
cent of  the  file  reviews  and  69(446)  percent  of  the  pressure  tests  had 
been  performed.  Having  completed  an  equivalent  review  prior  to  achiev- 
ing primacy,  New  Mexico  was  considered  to  have  met  its  file  review 
requirements.  In  the  three  other  states,  officials  said  their  reviews  had 
been  hampered  by  the  large  number  of  wells  to  review,  incomplete  infor- 
mation in  the  files,  and  insufficient  staff  and  resources.  With  additional 
funds  provided  by  epa,  the  states  now  expect  to  complete  their  reviews 
in  1989  or  1990. 


Recommendations 


In  order  to  better  safeguard  drinking  water  supplies  from  contamination 
from  Class  II  wells,  gao  recommends  that  the  Administrator,  epa,  take 
steps  to  help  ensure  that  (1)  epa-  and  state-administered  programs  are 
revised  to  make  existing  as  well  as  new  wells  subject  to  area-of-review 
requirements  and  because  of  the  large  number  of  reviews  that  would 
have  to  be  conducted,  areas  with  a  high  potential  for  contamination 
from  improperly  plugged  wells  should  be  reviewed  first,  and  (2)  state 
program  agencies  institute  internal  controls  to  ensure  that  all  necessary 
documentation  is  obtained  before  they  issue  Class  II  permits. 


Agency  Comments 


gao  discussed  its  findings  with  epa  officials  and  has  included  their  com- 
ments where  appropriate.  However,  as  agreed,  gao  did  not  obtain  offi- 
cial agency  comments  on  a  draft  of  this  report. 
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Introduction 


About  half  the  population  of  the  United  States  depends  on  groundwater 
for  its  drinking  water.  To  help  protect  these  supplies  from  contamina- 
tion, the  Congress  passed  Part  C  of  the  Safe  Drinking  Water  Act  in  1974. 
This  law  requires  the  Environmental  Protection  Agency  (epa)  to  estab- 
lish an  underground  injection  control  (uic)  program.  Through  this  pro- 
gram, epa,  directly  or  through  delegation  to  states,  regulates  the  design, 
construction,  and  operation  of  underground  injection  wells,  which  inject 
wastes  and  other  fluids  below  underground  drinking  water  sources. 

At  the  request  of  the  Chairman,  Environment,  Energy,  and  Natural 
Resources  Subcommittee,  House  Committee  on  Government  Operations, 
we  have  been  examining  how  epa  is  managing  the  uic  program.  In  this 
report,  we  look  at  epa  and  state  management  of  that  part  of  the  program 
that  regulates  two-thirds  of  the  underground  injection  wells,  or  the  Class 
II  wells  used  in  oil  and  gas  production  to  inject  salt  water  either  for 
enhanced  recovery  or  for  disposal  purposes. 


Nature  Of  Groundwater  is  a  vast  resource  that  underlies  the  earth's  surface. 

Within  one-half  mile  of  the  surface  of  the  United  States,  the  volume  of 

VjrOUndWaXer  groundwater  is  estimated  to  be  four  times  greater  than  that  of  the  Great 

Lakes.  Contained  in  layers  of  sand  and  rock  called  aquifers,  ground- 
water can  be  located  close  to  the  surface  or  thousands  of  feet 
underneath. 


For  some  parts  of  the  country,  groundwater  is  the  sole  or  principal 
source  of  drinking  water.  Residents  of  34  of  the  100  largest  cities  in  the 
United  States  rely  on  groundwater,  as  do  about  95  percent  of  rural 
households,  Because  of  this  large  dependency,  groundwater  contamina- 
tion is  a  particular  concern.  Although  it  was  once  thought  that  natural 
filtration  processes  would  change  contaminants  into  harmless  sub- 
stances, groundwater  contamination  is  being  discovered  with  greater 
frequency  and  it  is  now  recognized  that  the  earth's  cleansing  capacity  is 
limited. 


USG  Of  Injection  WellS      Through  underground  iryection,  wastes  and  other  fluids  are  deposited  in 

porous  rock  formations,  called  injection  zones,  below  drinking  water 
sources.  (See  fig.  1.1.)  Ideally,  an  injection  zone  is  sealed  above  and 
below  by  unbroken,  impermeable  rock  strata  and  is  large  enough  to  keep 
the  iryected  fluids  from  reaching  pressures  great  enough  to  fracture  the 
confining  rock  layers. 
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Figure  1.1:  Underground  Injection 
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Source:  GAO. 


A  modern  injection  well,  shown  in  fig.  1.2,  consists  of  three  concentric 
pipes  inserted  into  a  well  bore.  The  outermost  casing  is  called  the  sur- 
face casing.  This  encloses  the  long  string  casing,  which,  in  turn,  contains 
the  injection  tubing.  Fluids  are  injected  through  the  injection  tubing  and 
enter  the  ground  through  perforations  in  the  long  string  casing.  To  keep 
the  injected  fluids  from  entering  the  annulus,  or  the  space  between  the 
tubing  and  the  long  string  casing,  the  bottom  is  closed  off  by  a  packer. 


Injection  Wells  in  Oil  and       Although  injection  wells  are  used  by  other  industries,  particularly  the 
Gas  Production  chemical  industry,  they  were  first  developed  by  the  oil  and  gas  industry 

and  have  been  used  for  more  than  50  years  to  dispose  of  salt  water  as 
well  as  to  reinject  it  for  production  purposes.  As  oil  and  gas  are 
extracted,  strongly  saline  water,  or  brine,  that  occurs  in  underground 
rock  formations  flows  up  through  production  wells.  In  the  early  stages 
of  production,  very  little  brine  is  produced,  but  as  oil  and  gas  are 
removed,  they  are  replaced  by  increasingly  larger  volumes  of  brine. 
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Figure  1.2:  Modern  Underground 
Injection  Well 
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Source:  Based  on  B.  Klemt,  et  al.,  "Industrial  Waste  Disposal  Wells:  Mechanical  Integrity,  Proceedings 
of  the  International  Symposium  on  Subsurface  Injection  of  Liquid  Wastes,  New  Orleans  Louisiana  1986. 


In  the  early  part  of  this  century,  brines  were  disposed  of  in  surface  pits, 
but  once  the  brines  began  to  enter  drinking  water  supplies,  states 
banned  this  disposal  practice.  Oil  producers  then  turned  to  underground 
injection  for  brine  disposal.  More  recently,  oil  producers  have  used  deep 
injection  of  brine  for  enhanced  recovery  of  oil  and  gas,  injecting  it  into 
oil-bearing  formations  to  create  the  pressures  necessary  to  force  greater 
quantities  of  oil  out  of  the  ground.  According  to  an  American  Petroleum 
Institute  study,  the  domestic  oil  industry  generated  about  20.9  billion 
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barrels  of  brine  in  1985,  more  than  5  barrels  for  each  barrel  of  oil 
produced. 

Brines  associated  with  oil  and  gas  production  contain  very  high  levels  of 
chlorides  and  other  dissolved  solids.  Chloride  levels  in  brine  can  range 
from  a  few  thousand  parts  per  million  (ppm)  to  over  150,000  ppm,  as 
compared  with  seawater,  which  typically  contains  about  35,000  ppm  of 
chlorides.  Brines  may  also  contain  some  amounts  of  petroleum  hydro- 
carbons and  additives,  such  as  corrosion  inhibitors,  as  well  as  radium 
and  other  radioactive  materials.  Altogether,  brines  generally  contain 
about  30,000  to  100,000  milligrams  of  total  dissolved  solids  per  liter 
(mgl).  By  comparison,  epa's  secondary  drinking  water  standard  (related 
to  drinking  water  taste)  calls  for  no  more  than  500  mgl  total  dissolved 
solids  and  it  defines  an  underground  source  of  drinking  water  as  a  water 
bearing  formation  containing  less  than  10,000  mgl  of  total  dissolved 
solids. 


Once  contaminated,  groundwater  can  be  difficult  and  expensive  to  clean. 
Unlike  rivers  and  streams,  groundwater  moves  very  slowly;  therefore, 
contaminants  remain  concentrated  for  long  periods  of  time.  Cleansing  an 
aquifer  contaminated  by  brines  could  entail  either  pumping  fresh  water 
into  it,  to  accelerate  its  flow  into  the  body  of  water  into  which  the  aqui- 
fer normally  discharges,  or  pumping  the  water  out  of  the  aquifer.  If  con- 
tamination is  extensive,  however,  and  covers  a  large  area,  rehabilitation 
may  be  extremely  costly.  In  these  cases,  if  the  aquifer  is  left  to  cleanse 
itself,  the  process  can  take  as  long  as  250  years. 

Recognizing  that  cleanup  was  not  always  possible,  Part  C  of  the  Safe 
Drinking  Water  Act  of  1974  stressed  prevention  of  contamination  in 
order  to  ensure  safe  drinking  water  supplies.  The  act  established  a  sys- 
tem of  state  and  federal  regulation  of  underground  injection  wells,  epa 
was  to  set  standards  for  the  design,  construction,  and  operation  of 
underground  injection  wells  and  establish  a  regulatory  program  to 
enforce  those  standards.  However,  epa  could  delegate  to  the  states  pri- 
mary regulatory  authority,  or  primacy,  if  the  states  adopted  federal 
minimum  standards,  or,  in  the  case  of  oil  and  gas  injection  wells,  if  they 
could  demonstrate  to  epa  that  their  existing  programs  prevented  con- 
tamination of  drinking  water.  In  those  states  that  chose  not  to  assume 
primacy,  or  did  not  meet  federal  requirements,  epa  assumed  regulatory 
authority. 


Regulation  of 
Underground  Injection 
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The  uic  program  created  by  epa  in  1980  established  five  classes  of  injec- 
tion wells.  Class  I  wells  are  used  to  dispose  of  hazardous  waste  and  non- 
hazardous  industrial  and  municipal  waste  below  the  deepest 
underground  sources  of  drinking  water.  Class  II  wells  are  those  used 
during  oil  and  gas  operations.  Class  III  wells  are  used  for  special 
processes,  such  as  mineral  production.  Class  IV  wells,  which  inject  haz- 
ardous waste  into  or  above  underground  sources  of  drinking  water,  are 
illegal  and  were  required  to  be  plugged  by  May  1985.  Class  V  wells  are 
all  injection  wells  that  do  not  fit  into  the  other  four  classifications. 


Oil  and  Gas  Injection  Wells     Of  the  approximately  253,000  active  and  temporarily  inactive  injection 

wells  in  the  United  States  in  1987,  the  largest  number — 160,265 — were 
Class  II,  oil  and  gas  injection  wells.  These  wells  are  located  in  31  states, 
21  of  which  have  approved  state  programs,  and  on  Indian  lands.  (See 
table  1.1.)  These  21  states  also  contain  84  percent  of  the  Class  II  injec- 
tion wells.  The  10  remaining  states  and  Indian  lands  have  EPA-adminis- 
tered  regulatory  programs. 
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Table  1.1:  Class  II  Regulatory  Programs 


Number  of  wells 

State  programs 

Alabama 

206 

Alaska 

266 

Arkansas 

1.128 

California 

11,201 

Colorado 

932 

Illinois 

14,147 

Kansas 

14,009 

Louisiana 

4,212 

Missouri 

275 

Nebraska 

624 

Nevada  8 

New  Mexico 

3,913 

North  Dakota 

595 

Ohio 

3,952 

Oklahoma 

22,579 

Oregon 

1 

South  Dakota 

40 

Texas 

49,476 

Utah 

664 

West  Virginia 

760 

Wyoming 

5,749 

Total 

134,737 

EPA  programs 

Arizona  (including  Indian  lands) 

413 

Florida 

77 

Indiana 

3,274 

Kentucky 

5,399 

Michigan 

1,631 

Mississippi 

936 

Montana 

1,449 

New  York 

3,254 

Osage  Mineral  Reserve  (Oklahoma) 

4,298 

Pennsylvania 

4,788 

Tennessee 

9 

Total 

25,528 

Total 

160,265 

Under  federal  and  state  uic  programs,  owners  and  operators  of  wells 
that  began  operating  after  the  programs  were  established  must  obtain 
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permits  in  order  to  operate.  The  permits  specify  construction,  operating, 
and  reporting  requirements,  as  well  as  procedures  for  monitoring  the 
well  and  plugging  it — that  is,  sealing  it  off — when  it  is  no  longer  being 
used.  Permit  applications  generally  include  information  on  the  charac- 
teristics of  both  the  well  and  the  area  in  which  it  is  to  be  located,  includ- 
ing the  location  of  nearby  underground  sources  of  drinking  water  and 
the  composition  of  the  injected  fluid. 

Although  epa  initially  expected  that  all  Class  II  wells  would  have  to 
obtain  permits  under  the  uic  program,  states  argued  against  this  plan  as 
impractical  because  of  the  large  numbers  of  wells  already  operating 
under  state  programs  that  predated  the  federal  program.  They  also 
pointed  out  that  they  already  had  on  file  much  of  the  information  that 
would  be  required  in  a  permit  application,  such  as  injection  pressure, 
design  and  construction  specifications,  and  so  on.  epa  agreed,  noting  that 
a  file  review  would  be  sufficient  and  would  spare  both  the  well  operator 
and  the  states  much  of  the  costs  involved  in  completing  and  reviewing 
permit  applications- 

epa  consequently  allowed  states  that  had  regulatory  programs  to  estab- 
lish a  combination  of  rule  and  permit  procedures.  Under  this  arrange- 
ment, those  wells  that  were  already  operating  when  the  states  obtained 
primacy  and  already  had  permits  issued  by  the  state  did  not  have  to 
submit  new  permit  applications  but  were  authorized  to  continue  to  oper- 
ate by  rule.  However,  to  verify  that  the  well  is  not  endangering  under- 
ground sources  of  drinking  water,  the  state  had  to  review  the  files  of 
these  existing  wells  within  5  years  after  the  state  received  primacy. 

Under  section  1425  of  the  Safe  Drinking  Water  Act,  epa  was  authorized 
to  delegate  to  states  primary  authority  to  regulate  Class  II  injection 
wells  as  long  as  the  states  could  demonstrate  that  they  had  programs 
that  protected  drinking  water  sources;  states  also  had  to  have  some 
form  of  inspection,  monitoring,  recordkeeping,  and  reporting  require- 
ments in  their  programs.  Unlike  the  other  uic  programs,  epa  was  not 
required  by  the  act  to  establish  specific  regulatory  standards  that  state 
Class  II  programs  had  to  meet  in  order  to  obtain  epa's  approval.  Instead, 
epa  believed  it  was  appropriate  to  issue  more  broadly  worded  guidance 
that  would  leave  considerable  discretion  to  the  states  on  how  to  apply 
for  primacy  and  to  epa  regions  on  the  criteria  to  be  used  in  reviewing 
state  programs. 

Regarding  state  implementation  of  the  program,  the  guidance  outlines  a 
number  of  basic  safeguards  that  are  not  required  but  that  epa  regards  as 
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demonstration  of  a  state  program's  ability  to  prevent  drinking  water 
contamination.  In  states  with  EPA-administered  programs,  these  same 
safeguards  are  required  by  regulation  with  epa  regional  offices  acting  as 
regulatory  agencies. 

•  State  programs  are  expected  to  require  operators  to  conduct  a  mechani- 
cal integrity  test  before  a  well  can  begin  operating,  in  the  case  of  new 
wells,  and  at  least  every  5  years  for  all  wells.  These  tests  include  pres- 
sure tests  to  check  for  cracks  and  leaks  in  the  casing  and  reviews  of 
construction  records  to  establish  the  quality  of  the  cement  lining 
between  the  outer  casing  and  the  injection  formation. 

•  The  programs  should  also  require  well  operators  to  submit  reports  at 
least  annually  that  describe  monthly  average  injection  pressures  and 
flow  rates  and  volume.  The  reports  are  also  to  include  the  results  of  all 
mechanical  integrity  tests  and  an  analysis  of  injected  fluids  if  there  have 
been  major  changes  since  the  initial  test. 

•  The  authority  issuing  the  permit  must  make  periodic  inspections  of  the 
wells  to  determine  compliance  and  to  verify  the  accuracy  of  information 
submitted. 

•  States  are  expected  to  require  operators  to  properly  plug  their  wells 
when  they  cease  operating  and  maintain  some  form  of  financial  respon- 
sibility for  plugging. 

•  States  must  complete  file  reviews  for  wells  that  were  permitted  under  a 
state  program  that  predated  the  federal  uic  program  within  5  years 
after  approval  of  their  programs  to  make  sure  that  these  existing  wells 
are  properly  constructed  and  operated. 


Once  it  approves  a  state  program,  epa  remains  responsible  for  making 
sure  that  the  states  are  effectively  regulating  underground  injection  and 
withdrawing  primacy  if  they  are  not.  era's  oversight  activities  consist  of 
visiting  the  state  agencies  and  evaluating  their  performance  at  least 
once  a  year  and  reviewing  operator  noncompliance  reports  prepared  by 
the  states  quarterly.  To  assist  the  states  in  carrying  out  their  Class  II 
and  other  uic  programs,  epa  provides  grant  funds  according  to  a  f  ormula 
based  on  population,  geographic  area,  and  injection  practices. 


Objectives,  Scope,  and 
Methodology 


Following  the  issuance  of  our  earlier  report  on  the  Class  I  uic  progr  am, 
in  August  1987,  the  Chairman,  Environment,  Energy,  and  Natural 
Resources  Subcommittee,  House  Committee  on  Government  Operations, 


1  Hazardous  Waste:  Controls  Over  Injection  Well  Disposal  Operations,  GAO/RCED-87 1 7<  i 
1987. 
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asked  us  to  evaluate  how  epa  and  the  states  are  regulating  underground 
injection  related  to  oil  and  gas  production.  In  subsequent  discussions 
with  his  office,  we  agreed  to  examine 

•  whether  evidence  existed  of  contaminated  drinking  water  as  a  result  of 
underground  injection  of  brines  associated  with  oil  and  gas  production, 
and  if  so,  the  causes  of  contamination  and  any  actions  taken  to  prevent 
similar  cases  from  occurring  in  the  future; 

•  how  the  states  were  regulating  oil  and  gas  underground  injection  wells; 
and 

•  the  extent  of  states'  efforts  to  properly  plug  all  types  of  abandoned 
wells  such  as  oil  and  gas  wells  that  might  serve  as  a  pathway  for  injec- 
tion fluids  to  reach  drinking  water. 

To  determine  the  extent  of  contamination  across  the  country,  we  com- 
piled epa  reports  and  other  information  obtained  from  state  and  epa 
regional  and  headquarters  officials  in  charge  of  uic  programs.  From 
these  sources,  we  identified  known  and  suspected  cases  of  contamina- 
tion caused  by  Class  II  wells.  We  obtained  additional  information  on 
each  case  and  its  disposition  from  officials  of  the  responsible  companies. 
For  the  contamination  cases  identified,  we  also  obtained  information  on 
epa  and  state  officials'  determinations  of  the  causes  of  contamination. 
We  traced  the  causes  identified  to  state  and  epa  uic  program  controls  to 
determine  whether  controls  existed  to  prevent  similar  cases  of  contami- 
nation from  occurring  in  the  future. 

In  contrast  to  our  review  of  contamination,  which  was  nationwide  in 
scope,  our  review  of  state  regulation  of  oil  and  gas  injection  wells 
focused  only  on  state- administered  programs  and  on  their  control  mech- 
anisms, including  internal  controls,  for  protecting  drinking  water.  As 
agreed  with  the  Chairman's  office,  we  did  not  examine  EPA-administered 
programs,  since  only  16  percent  of  Class  II  wells  are  in  states  with  such 
programs.  Among  the  21  primacy  states,  we  excluded  Illinois  because 
era  conducted  an  extensive  review  of  Illinois'  program  in  1986.  Also,  at 
the  time  of  our  review,  Nevada  had  not  yet  been  granted  primacy. 

From  the  19  remaining  states,  we  randomly  selected  four — Kansas,  New 
Mexico,  Oklahoma,  and  Texas — whose  selection  had  a  probability  pro- 
portional to  the  total  number  of  active  and  temporarily  inactive  wells  in 
each  state.  Within  these  four  states,  we  randomly  selected  a  sample  of 
active  and  temporarily  inactive  wells  from  epa's  inventory,  known  as 
the  Federal  Underground  Injection  Control  Reporting  System  (fi  rs)  For 
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our  sample  of  active  and  temporarily  inactive  wells,  we  collected  infor- 
mation on  the  extent  to  which  uic  program  safeguards  were  imple- 
mented by  the  states  for  both  permitted  and  rule  authorized  wells. 

Because  of  differences  between  the  furs  inventory  and  state  records,  we 
were  unable  to  fill  out  data  collection  instruments  for  about  27  percent 
of  our  sample.  Our  sample  estimates,  therefore,  represent  approxi- 
mately 88,000  (±  10,400)  active  and  temporarily  inactive  Class  II  wells 
for  which  we  expect  we  could  have  obtained  the  required  information. 
In  this  report,  we  refer  to  this  as  the  number  of  Class  II  wells  in  our 
universe. 

Sampling  errors  for  specific  estimates  discussed  in  this  report  are  stated 
at  the  95-percent  confidence  level  and  are  included  in  parentheses  fol- 
lowing the  estimate.  They  may  be  presented  in  either  of  two  ways, 
depending  on  the  type  of  sampling  error  calculation  used.  With  one  type 
of  calculation,  for  example,  the  sampling  errors  are  presented  as 
"23(  ±  7)  percent,"  which  means  that  the  chances  are  19  out  of  20  that 
the  true  value  could  be  as  low  as  16  percent — 23  minus  7 — or  as  high  as 
30  percent — 23  plus  7.  For  the  other  type  of  calculation,  the  range  of 
values  above  and  below  the  estimated  values  are  different  and  the  sam- 
pling errors  are  presented  as  "23  (15  to  32)  percent."  (See  app.  I  for  a 
more  detailed  description  of  our  methodology.) 

The  information  we  collected  on  wells  in  our  sample  reflects  the  status 
of  those  wells  at  the  end  of  1987  and  early  1988.  In  Oklahoma,  we  con- 
ducted our  review  of  well  records  during  October,  November,  and 
December  1987;  in  Kansas,  our  review  took  place  during  January  and 
February  1988;  and  in  New  Mexico  and  Texas,  we  looked  at  well  records 
during  February  and  March  1988.  The  information  came  from  records 
kept  at  state  offices,  including  well  authorization  documents,  well  com- 
pletion records,  operators'  quarterly  reports,  mechanical  integrity  test 
results,  inspection  reports,  financial  surety  records,  and  reports  on  file 
reviews  conducted  by  state  regulatory  authorities.  Information  on  state 
activities,  as  well  as  information  on  epa  oversight  of  state  activities, 
came  from  state  uic  program  staff  and  epa  officials  in  regions  VI  and 
VII,  which  oversee  the  four  states  we  reviewed. 

For  our  last  objective,  these  same  state  officials,  as  well  as  field  officials 
of  state  agencies,  also  gave  us  information  on  plugging  programs  and 
abandoned  wells  in  their  states. 
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We  sought  the  views  of  epa  and  state  officials  on  the  facts  and  findings 
discussed  in  this  report  and  incorporated  their  comments  where  appro- 
priate. In  general,  they  agreed  with  the  facis  presented.  However,  as 
requested,  we  did  not  obtain  official  agency  comments  on  a  draft  of  this 
report  from  epa  or  the  states  included  in  our  review.  We  conducted  our 
review  in  accordance  with  generally  accepted  government  auditing  stan- 
dards between  September  1987  and  August  1988  and  updated  certain 
information  through  December  1988. 
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Because  of  possible  underreporting  by  individuals  whose  drinking  water 
was  contaminated  and  difficulties  in  detection,  the  full  extent  to  which 
injected  brines  have  contaminated  underground  sources  of  drinking 
water  is  unknown.  However,  23  cases  of  contamination  have  been  con- 
firmed and  4  are  suspected. 

In  many  of  these  cases,  abandoned  improperly  plugged  oil  and  gas 
wells — that  is,  wells  that  had  ceased  operating  without  having  been 
properly  sealed  off — near  an  active  injection  well  provided  the  path 
through  which  brines  reached  the  aquifer.  Although  iryection  well  oper- 
ators seeking  permits  have  to  search  for  improperly  plugged  wells  in  the 
immediate  vicinity  of  injection  wells,  this  requirement  does  not  apply  to 
those  injection  wells  already  operating  when  states  were  delegated 
authority  for  the  federal  uic  program.  Injection  wells  already  operating 
comprise  at  least  70  percent  of  the  estimated  88,000  Class  II  wells  in  our 
universe. 

According  to  epa,  improperly  plugged  wells  near  operating  injection 
wells  present  significant  environmental  problems.  The  agency  has  esti- 
mated that  there  may  be  about  1.2  million  abandoned  wells  across  the 
country,  many  of  which  may  be  improperly  plugged,  and,  with  one 
exception,  the  states  we  reviewed  foresee  the  numbers  growing  as  the 
oil  industry  remains  in  an  economic  slump.  Each  of  the  four  states  we 
visited  use  either  special  funds  or  general  revenues  to  plug  improperly 
plugged  wells,  but  funding  has  not  always  been  adequate,  and  many 
wells  remain  unplugged. 


On  the  basis  of  epa's  studies  and  information  furnished  by  epa  and  state 
agency  officials,  we  identified  23  cases  in  which  injected  brines  contami- 
nated underground  sources  of  drinking  water  (usdws).  These  cases, 
listed  in  table  2.1,  occurred  in  seven  states:  Kansas,  Kentucky,  Michigan, 
Mississippi,  New  Mexico,  Oklahoma,  and  Texas.  In  all  23  cases,  a  usdw 
was  contaminated,  although  the  contamination  may  not  have  spread  to 
sections  of  an  aquifer  that  are  actually  used. 

Table  2.1  also  lists  three  cases  in  Mississippi  and  Montana  in  which 
brines  were  suspected  of  migrating  from  the  injection  zone,  but  no  tests 
were  performed  to  determine  whether  drinking  water  had  become  con- 
taminated. In  addition,  table  2.1  lists  one  case  in  Oklahoma  in  which 
drinking  water  has  been  contaminated  and  Class  II  wells  are  suspected 
of  causing  the  contamination. 


Drinking  Water 
Contamination  Caused 
by  Class  II  Wells 
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Table  2.1:  Known  and  Suspected  Cases  of  Contamination  From  Class  II  Wells 

Operator 

Number  of 
injection  wells 

Aquifers  contaminated 

Path  for  contamination 

Martha  Oil  Field,  Ashland  Exploration 
Inc.,  Lawrence  &  Johnson  Counties,  Ky 

601 

Alluvium,  Breathitt,  &  Lee 

Improperly  plugged  and 
constructed  wells. 

Taffy  Oil  Field,  CNB  Corporation,  Ohio 
County,  Ky 

102 

Chapman  Stray  Sand 

Improperly  plugged  wells 

Big  Sinking  Field,  Charmane  Oil  Corp., 
Lee  County,  Ky 

124 

Big  Lime 

Improperly  plugged  wells 

Big  Sinking  Field,  Hydrocarbon  Inc.,  Lee 
County,  Ky 

46 

Breathitt 

Improperly  plugged  wells 

Big  Sinking  Field,  LP.  Bretagne,  Lee, 
Powell,  Estill,  and  Wolfe  Counties,  Ky 

29 

Newman 

Improperly  plugged  wells 

Irvine-Furness  Field,  Western  Crude 
Reserves  Inc.,  Powell  &  Estill  Counties, 
Ky 

115 

Newman,  Alluvium,  Breathitt,  &  Lee 

Improperly  plugged  wells. 

Burrton  Oil,  Hollow-Nikkei  Oil  Field, 
Harvey  and  Reno  Counties,  Kans. 

50-100 

Equus  Beds 

Improperly  plugged  wells 

East  Gladys  Unit,  Gulf  Oil  Company, 
Sedgwick  County,  Kans. 

57 

An  alluvial  deposit 

Improperly  plugged  wells. 

Yankee-Canyon  Field,  Cactus  Operating 
Company,  Tom  Green  County,  Tex. 

12-15 

Leona  and  Bull  Wagon 

Improperly  plugged  wells 

Moore-Devonian  Oil  Field,  Texaco 
U.S.A.,  Lea  County,  N.  Mex. 

Ogallala 

Leaks  in  casing. 

J.  J.  Hobgood  Lease,  Sun  Exploration 
and  Production  Company,  Hockley 
County,  Tex. 

Trinity  Sands 

Leaks  in  casing. 

Madden-Davis  Lease,  Petro-Lewis 
Company,  Graham  County,  Kans. 

Alluvium  near  the  South  Soloman 
River 

Leaks  in  casing. 

Laketon  Oil  Field,  Harris  Oil  Co., 
Muskegon  County,  Mich. 

Surficial  water  table 

Leaks  in  casing. 

Albright  Field,  Kahn  Operating 
Company,  Noble  County,  Okla. 

Warren 

Leaks  in  casing. 

North  LaGrange  Field,  R&H  Oil  Corp., 
Adams  County,  Miss. 

Wilcox 

Injection  into  USDW 

T.  K.  Stanley,  Inc.,  Wayne  County,  Miss.  2        Wilcox  Injection  into  USDW 
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How  and  when  detected 

Effects 

Remedial  action 

Discovered  by  U.S.  Army  Corps  of 
Engineers  in  1985. 

Contaminated  drinking  water  for  83 
to  88  households. 

No  cleanup;  judged  technically  infeasible.  Ashland  to  plug  1 ,450 
surrounding  wells,  monitor  aquifer,  and  provide  alternative  water 
supplies.  Ashland  also  fined  $125,000  for  violating  the  Safe 
Drinking  Water  Act. 

Citizen  compliant  in  1985  of 
undrinkable  water. 

Damaged  household  water 
supplies. 

No  cleanup;  judged  too  costly.  Original  owner  filed  for 
bankruptcy;  EPA  deciding  whether  or  not  to  sue.  EPA  working 
with  two  new  owners  to  identify  wells  needing  to  be  plugged. 
EPA  may  have  new  owners  install  monitoring  wells  to  measure 
progress  of  aquifer  self-cleaning. 

Citizen  complaint  in  1986  of 
unurinKcLuie  waier. 

Contamination  of  drinking  water 
and  stained  clothes  and  porcelain. 

No  cleanup;  judged  too  costly.  EPA  plans  to  fine  company 
$125,000  and  order  it  to  provide  alternative  water  supplies  to 
citizens  and  plug  or  rework  the  wells  in  the  field. 

Citizen  complaint  in  1986. 

Contamination  of  drinking  water 
source. 

No  cleanup;  judged  too  costly.  EPA  will  not  assess  fine  but  will 
order  wells  to  be  plugged  or  reworked. 

Discovered  by  EPA  inspectors  and 
monitoring  wells  in  1987. 

Contamination  of  drinking  water 
source. 

No  cleanup;  judged  too  costly.  EPA  will  not  assess  fine  but  will 
order  wells  to  be  plugged  or  reworked. 

Citizen  complaint  in  1985  of 
undrinkable  water. 

Contaminated  residential  drinking 
water  source. 

Decision  on  cleanup  pending.  EPA  will  probably  order  company 
to  provide  alternative  water  supplies  and  plug  or  rework  wells  so 
as  to  prevent  future  contamination. 

Citizen  complaints  began  in  1943;  a 
state  task  force  confirmed  in  1982. 

Damaged  major  supply  of  drinking 
and  irrigation  water.  People  have  to 
use  bottled  water  and  city  has  to 
relocate  well. 

State  authorized  $300  million  to  begin  cleanup.  All  operating 
wells  have  passed  mechanical  integrity  tests.  All  abandoned 
wells  have  been  plugged. 

Citizen  discovered  in  1970. 

Farmer's  wells  and  peach  orchard 
were  damaged. 

No  cleanup;  judged  too  costly.  Gulf  Oil  plugged  wells  judged  to 
be  the  source  of  pollution.  Farmer  successfully  sued  Gulf  for 
damages  to  crops. 

Citizen  complaint  in  early  1970s. 

Contaminated  water  well. 

No  cleanup;  judged  too  costly.  Cactus  Operating  Company 
drilled  a  new  water  well  for  the  citizen  and  plugged  30  wells  in 
the  field. 

omzen  compiaini  in  iy/ /. 

Crops  damaged.  Farmer's  property 
foreclosed. 

No  cleanup;  judged  too  costly.  The  well  has  been  reworked  and 
is  in  compliance  with  UIC  regulation.  Farmer  successfully  sued 
Texaco  for  damages. 

Sun  pressure  test  in  1984. 

Contaminated  public  drinking 
water  and  irrigation  supplies. 

Once  Sun  detected  decline  in  pressure,  it  shut  in  well.  Sun  is 
voluntarily  pumping  aquifer  and  has  installed  monitoring  wells  to 
track  cleanup. 

Citizen  complaint  in  1981. 

Irrigation  well  contaminated. 

A  majority  of  the  contamination  was  cleaned  up  after  Petro- 
Lewts  pumped  water  into  the  aquifer.  The  well  has  been 
plugged. 

Citizen  complaint  in  1980  of 
undrinkable  water. 

Contaminated  drinking  water. 

Decision  on  cleanup  pending.  Michigan  ordered  Harris  to  submit 
cleanup  proposal,  but  Harris  has  not  yet  done  so.  Harris 
reworked  wells. 

Citizen  complaint  in  1984. 

Damaged  soil  and  vegetation  and 
polluted  freshwater  stream  used  by 
residents  for  domestic  uses. 

No  cleanup;  judged  impractical.  State  ordered  Kahn  to  plug  well. 
Field  has  since  shut  down. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  R&H  fined  $5,000  and  ordered  to 
rework  its  well  to  extend  into  a  deeper  injection  zone 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  T.  K.  Stanley  told  to  rework  well 
to  extend  into  a  deeper  injection  zone. 

(continued) 

Page  21 

GAO/RCED-89-97  Underground  Waste  Disposal 

Chapter  2 

Injected  Brines  Can  Continue  to  Contaminate 
Drinking  Water 


Operator 

Number  of 
injection  wells 

Aquifers  contaminated 

Path  for  contamination 

Flora  Field,  Belden  &  Blake  Co., 
Madison  County,  Miss. 

10 

Wilcox 

Injection  into  USDW 

Heidelberg  Field,  Fina  Oil  and  Chemical 
Co.,  Jasper  County,  Miss. 

1 

Wilcox 

Injection  into  USDW. 

Overton  Field,  Oilwell  Acquisition  Co., 
Adams  County,  Miss. 

1 

Moody  Branch 

Injection  into  USDW. 

Raleigh  Field,  Chevron  Oil  Co,,  Smith 
County,  Miss. 

2 

Wilcox 

Injection  into  USDW. 

Board  of  Supervision  Field,  XMCO- 
Triad,  Smith  County,  Miss. 

1 

Wilcox 

Injection  into  USDW. 

Summerland  and  South  Central  Fields, 
Triad  Oil  &  Gas  Company,  Covington, 
Jones,  and  Smith  Counties,  Miss. 

4 

Wilcox 

Injection  into  USDW. 

Mize  Field,  Chevron  USA,  Inc.,  Ranking 
County,  Miss. 

1 

Eutaw 

Injection  into  USDW. 

Suspected  Cases 

Flat  Coulee  Field,  Breck  Operating 
Corporation  Liberty  County,  Mont. 

10 

Eagle  (Virgelle)  Sandstone 

Improperly  plugged  wells 

South  Central  Cut  Bank  Sand  Unit, 
Unocal  Company,  Glacier  County, 
Mont. 

54 

Two  Medicine  and  Eagle 

Improperly  plugged  wells 

Langsdale  Field,  Charles  H.  Moore  Co., 
Clarke  County,  Miss. 

6 

Wilcox 

Leaks  in  casing. 

Prue  Sand  Unit,  Sac  and  Fox  Tribal 
Land,  Lincoln  County,  Okla. 

Unknown 

Vamoosa 

Improperly  plugged  wells. 
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How  and  when  detected 

Effects 

Remedial  action 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  Belden  and  Blake  ordered  to 
rework  well  to  extend  into  a  deeper  injection  zone. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  Fina  fined  $75,000  for  violating 
Safe  Drinking  Water  Act  and  ordered  to  rework  well  to  extend 
into  a  deeper  injection  zone. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  Oilwell  fined  $4,000  for  violating 
Safe  Drinking  Water  Act  and  ordered  to  rework  well  to  extend 
into  a  deeper  injection  zone. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  Chevron  ordered  to  rework  well 
to  extend  into  a  deeper  injection  zone. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly,  XMCO-Triad  ordered  to  rework 
well  to  extend  into  a  deeper  injection  zone. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  Triad  ordered  to  rework  well  to 
extend  into  a  deeper  injection  zone. 

EPA  reviews  beginning  in  1985. 

None  reported. 

No  cleanup;  judged  too  costly.  Chevron  ordered  to  rework  well 
to  extend  into  a  deeper  injection  zone. 

Citizen  complaint  in  1985  of  purging 
wells. 

None  reported. 

Owner  plugged  the  abandoned  well. 

Citizen  complaint  in  1986  of  purging 
wells. 

Residence's  backup  water  supply 
may  be  contaminated. 

A  production  well  that  was  flowing  at  the  surface  was  plugged 
by  the  state. 

Routine  inspection  and  pressure  test 
in  1988. 

None  reported. 

State  arranged  for  wells  to  be  plugged. 

Citizen  complaint  in  1977. 

Contaminated  drinking  water. 

The  Department  of  the  interior  is  attempting  to  determine  the 
party  responsible  for  contamination. 

There  may  be  more  instances  of  contamination  because  not  all  occur- 
rences are  detected  nor  are  all  known  cases  necessarily  reported. 
According  to  epa  officials  and  a  state  official,  individuals  whose  drink- 
ing water  is  affected  may  choose  to  deal  directly  with  the  well  operator 
and  never  inform  the  regulatory  authority. 

Contamination  is  difficult  to  detect.  As  shown  in  table  2.1,  about  half 
the  known  and  suspected  cases  were  discovered  only  after  contamina- 
tion had  become  obvious  to  the  people  affected,  for  example,  when  their 
well  water  became  too  salty  to  drink,  their  crops  were  ruined,  or  when 
they  could  see  water  flowing  at  the  surface  of  old  wells.  Neither  epa  nor 
the  states  routinely  require  groundwater  monitoring  for  Class  II  wells. 
Although  monitoring  wells  can  be  used  to  measure  the  extent  of  contam- 
ination, they  are  of  limited  value  for  detecting  contamination  away  from 
the  well  since  they  can  only  be  used  in  a  small  area  and  are  therefore  not 
useful  for  assessing  large  aquifers.  In  addition,  deep  monitoring  wells 
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themselves  create  potential  routes  by  which  contaminants  can  reach 
drinking  water. 

For  the  most  part,  the  remaining  cases  were  discovered  by  the  operator 
or  epa  staff  during  uic  program  monitoring  operations  required  to 
ensure  that  wells  are  being  properly  operated.  Three  were  discovered 
during  pressure  tests,  which  revealed  leaks  in  the  casing  or  some  other 
structural  failure.  The  other  nine  cases,  all  in  Mississippi,  were  discov- 
ered by  epa  while  reviewing  injection  records.  From  these  records,  epa 
staff  could  determine  that  the  wells,  which  were  constructed  before  the 
uic  program  went  into  effect,  were  injecting  directly  into  a  usdw.  In  all 
12  of  these  cases,  epa  or  the  state  directed  operators  to  cease  injection 
until  the  wells  were  repaired  or  reworked. 

In  addition  to  the  23  cases  of  contamination  that  have  been  confirmed,  4 
cases  are  also  suspected.  Two  were  reported  to  the  state  of  Montana  by 
residents  who  saw  water  flowing  out  of  abandoned  oil  and  gas  produc- 
tion wells  located  near  enhanced  recovery  wells.  The  state  suspected 
that  the  pressure  from  these  enhanced  recovery  operations  was  forcing 
fluids  up  through  the  unplugged  production  wells.  Because  of  the  possi- 
bility that  these  fluids  could  be  entering  drinking  water  supplies 
through  leaks  in  the  casing  of  the  old  wells,  both  wells  were  plugged.  In 
Mississippi,  the  state  arranged  for  wells  that  failed  mechanical  integrity 
tests  because  of  numerous  cracks  in  the  casing  to  be  plugged.  In  addi- 
tion, on  Indian  lands  in  Oklahoma,  the  Department  of  the  Interior  is 
determining  whether  enhanced  recovery  wells  or  production  wells  are 
responsible  for  contaminated  drinking  water. 


Causes  and 
Consequences  of 
Contamination 


The  23  cases  in  which  contamination  was  confirmed  can  be  traced  to 
three  principal  causes:  five  cases  resulted  from  leaks  in  the  casing  of  the 
injection  wells,  nine  cases  resulted  from  injection  into  the  usdw,  and  nine 
resulted  from  migration  of  brines  from  operating  injection  wells  into 
nearby  oil  and  gas  wells  that  had  been  left  unplugged  or  improperly 
plugged. 


Once  contamination  was  discovered,  regulatory  authorities  in  either  epa 
regions  or  the  states  directed  responsible  companies  to  prevent  further 
contamination  by  plugging  their  injection  wells  or  the  abandoned  wells, 
reworking  injection  wells  to  repair  cracked  casings,  or  extending  the 
wells  below  the  usdw.  Some  companies  were  also  directed  to  provide 
alternative  drinking  water  supplies.  In  a  few  instances,  property  owners 
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sought  and  received  court-awarded  compensation  for  damages.  Accord- 
ing to  an  epa  official,  although  the  Safe  Drinking  Water  Act  and  epa  reg- 
ulations do  not  require  cleanups  in  every  contamination  case,  epa  and 
the  states  can  require  cleanups.  In  three  cases,  cleanup  efforts  were 
undertaken  and  in  two  other  cases,  cleanup  efforts  are  currently  under 
consideration.  In  the  other  18  cases,  epa  or  the  state  decided  that 
cleanup  was  either  technically  not  feasible,  too  expensive,  or  not  practi- 
cal because  the  aquifer  was  already  high  in  brine  content  and  not  usable 
for  drinking  water  without  treatment. 

The  following  case  examples  depict  the  circumstances  under  which  con- 
tamination has  occurred  and  the  efforts  to  remedy  it. 


Contamination  Through 
Leaks  in  Casing 


Lea  County,  New  Mexico  During  the  1970s,  20  million  gallons  of  salt  water  leaked  from  a  Texaco 

disposal  well  in  Lea  County,  New  Mexico,  into  portions  of  a  drinking 
water  source,  the  Ogallala  aquifer.  Some  of  the  brine  made  its  way  into  a 
rancher's  irrigation  well,  damaging  his  crop  and,  according  to  the 
rancher,  ultimately  causing  the  foreclosure  of  his  farm  property.  On  the 
basis  of  the  results  of  a  pressure  test,  the  rancher  successfully  sued  Tex- 
aco in  1977  for  damages.  Texaco  subsequently  made  repairs  to  the  well, 
and  it  is  now  operating  in  compliance  with  uic  regulations.  Texaco  was 
not  required  to  clean  the  aquifer,  however,  because,  according  to  the 
Chief  of  New  Mexico's  Environment  Bureau,  the  cost  could  not  be  eco- 
nomically justified. 


Hockley  County,  Texas  In  1984,  the  Sun  Exploration  and  Production  Company  discovered  that 

its  disposal  well  in  Hockley,  Texas,  was  contaminating  the  Trinity  Sands 
aquifer,  which  provides  drinking  water  to  parts  of  northern  Texas  and 
irrigation  water  to  much  of  northern  and  central  Texas.  After  Sun 
detected  a  decline  in  the  pressure  of  its  disposal  well,  it  conducted  a 
mechanical  integrity  test  and  found  that  the  casing  had  ruptured.  The 
company  then  notified  state  authorities  and  plugged  the  well.  Sun  also 
began  taking  water  samples  to  determine  the  extent  of  the  contamina- 
tion, flushing  the  salt  water  from  the  aquifer,  and  installing  monitoring 
wells  to  determine  whether  chloride  levels  were  returning  to  acceptable 
levels.  As  of  November  1988,  monitoring  showed  that  the  chloride  level 
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has  been  reduced  but  has  not  yet  returned  to  the  original  level.  State 
officials  said  that  there  have  been  no  complaints  about  drinking  water 
quality  as  a  result  of  this  episode. 


Contamination  Through 
Direct  Injection  Into  the 
Aquifer 


While  reviewing  the  injection  records  of  existing  disposal  wells  in  Mis- 
sissippi beginning  in  1985,  epa  discovered  that  23  wells  in  9  different 
fields  were  injecting  directly  into  a  drinking  water  source.  Since  direct 
injection  is  prohibited  by  uic  regulations,  epa  ordered  the  operators  to 
cease  injecting  into  the  aquifer  and  to  rework  their  wells  so  that  they 
extend  into  a  deeper  injection  zone,  epa  also  assessed  penalties  against 
the  operators  ranging  from  $4,000  to  $75,000  for  violating  the  Safe 
Drinking  Water  Act  and  from  $100  to  $1,000  a  day  for  continued  non- 
compliance, depending  on  the  operator's  history  of  compliance  and  other 
factors,  epa  officials  told  us  that  the  operators  would  not  be  required  to 
perform  any  cleanup  since  there  had  been  no  complaints  about  the 
drinking  water  and  the  costs  of  cleanup  could  not  be  economically 
justified. 


Contamination  Through 
Abandoned  Wells 


Lawrence  and  Johnson  Counties,     In  1985,  while  constructing  lakes  in  the  area,  the  U.S.  Army  Corps  of 
Kentucky  Engineers  discovered  that  brine  was  contaminating  Blaire  Creek  in  Law- 

rence and  Johnson  Counties,  Kentucky.  After  the  Corps  reported  it,  epa 
traced  the  contamination  to  an  Ashland  Exploration  Company  field  of 
601  enhanced  recovery  wells.  After  sampling  20  water  wells,  epa  found 
that  the  drinking  water  for  83  to  88  households  had  become 
contaminated. 

The  Ashland  field  contained  1,450  abandoned  oil  and  gas  wells  that  had 
not  been  plugged,  and  brines  had  entered  drinking  water  supplies 
through  cracks  in  the  casing  of  these  wells,  epa  therefore  required  Ash- 
land to  properly  plug  the  abandoned  wells,  provide  alternative  water 
supplies  to  homeowners  whose  wells  were  contaminated,  and  install 
long-term  monitoring  devices  to  track  the  natural  cleanup  process,  epa 
also  fined  the  company  $125,000  for  violating  the  Safe  Drinking  Water 
Act.  Because  of  the  extent  of  contamination,  epa  officials  decided  it 
would  not  be  technically  feasible  to  clean  up  the  aquifer.  Drinking  water 
supplies  will  consequently  remain  contaminated  for  perhaps  another  20 
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years,  according  to  the  head  of  the  uic  program  in  epa  region  IV,  until 
the  affected  aquifers  can  cleanse  themselves. 

Ohio  County,  Kentucky  Also  in  1985,  residents  of  Ohio  County,  Kentucky,  complained  to  epa 

that  their  drinking  water  had  become  contaminated,  epa  traced  the  con- 
tamination to  a  CNB  Corporation  field  of  102  enhanced  recovery  wells, 
known  as  the  Taffy  Oil  Field.  According  to  epa's  staff  geologist  in  region 
IV,  there  were  over  100  unplugged  abandoned  wells  in  the  field,  epa 
reported  that  62  injection  wells  failed  mechanical  integrity  tests  and 
lacked  adequate  casing  and  cementing.  As  a  result,  brines  had  entered 
the  Chapman  Stray  Sand  aquifer,  which  is  a  source  of  drinking  water. 

epa's  analysis  of  a  sample  of  four  water  wells  in  the  vicinity  of  the  Taffy 
field  revealed  that  one  well  had  a  total  dissolved  solid  concentration 
above  the  maximum  contaminant  level — 4.5  times  the  drinking  water 
standard,  epa  could  not  determine  the  concentration  for  one  of  the  other 
wells  because  the  resident's  well  contained  oil  so  thick  it  coated  epa's 
measuring  instrument.  No  contamination  was  found  in  the  two  remain- 
ing wells.  Residents  with  contaminated  drinking  water  wells  had  to 
obtain  water  from  other  sources,  in  some  cases  using  pond  water  or 
installing  cistern  systems  to  collect  rainwater. 

An  epa  official  said  CNB  subsequently  went  bankrupt  and  lost  its  leases 
in  the  Taffy  field,  epa  and  the  new  owners  are  now  identifying  wells 
that  need  to  be  plugged.  Although  epa  will  not  require  cleanup  because 
of  its  high  costs,  the  agency  is  considering  having  the  new  owner  install 
monitoring  wells  to  track  the  natural  cleanup  process,  epa  is  also  consid- 
ering suing  the  original  owner. 


Of  the  three  causes  of  contamination,  two — cracked  casings  and 
improper  injection — were  detected  during  the  course  of  required  pres- 
sure tests  and  record  reviews  for  the  most  part.  However,  in  only  one 
case  did  these  activities  detect  contamination  through  unplugged  wells. 
While  some  states  have  special  programs  to  plug  abandoned  wells,  the 
number  of  improperly  plugged  abandoned  wells,  already  estimated  to  be 
large,  is  growing,  and  some  states  are  even  now  unable  to  pay  for  all  the 
wells  that  need  to  be  plugged. 


Safeguards  Do  Not 
Prevent 

Contamination  by 
Abandoned  Wells 
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Area-Of-Review 
Requirements 


According  to  epa  guidance  and  state  regulations  (in  the  four  states  we 
reviewed),  applicants  for  Class  II  permits  must  undertake  a  search  for 
abandoned  wells  within  at  least  a  1/4-mile  radius  of  the  injection  well. 
The  search  is  limited  to  wells  of  public  record.  Once  these  wells  are  iden- 
tified, permit  applicants  must  ensure  that  the  abandoned  wells  are 
plugged  in  a  manner  that  prevents  the  movement  of  brines  into  usdws. 


When  epa  first  proposed  this  so-called  "area-of-review"  requirement  in 
1976,  it  applied  to  both  new  injection  wells  and  those  that  were  operat- 
ing when  the  uic  program  went  into  effect.  However,  commenters 
objected  to  imposing  this  requirement  because  of  the  large  costs 
involved.  While  noting  that  dangers  to  underground  sources  of  drinking 
water  would  also  be  great  if  there  were  large  numbers  of  wells  that  had 
to  be  plugged,  epa  nevertheless  decided  to  limit  the  area-of-review 
requirement  to  new  wells  only.  The  agency  believed  that  since  new  wells 
would  be  constructed  in  or  near  old  fields,  the  area  reviews  for  these 
new  wells  would  eventually  identify  most  abandoned  wells,  albeit  over  a 
longer  period  of  time  than  if  existing  wells  also  had  to  conduct  area 
reviews,  epa  stated,  however,  that  its  decision  would  be  open  to  review 
and  that  after  the  first  year  of  state  program  operation,  epa  would 
examine  information  submitted  by  the  states  on  the  costs  and  benefits  of 
conducting  area  reviews  and  consider  whether  to  change  its 
requirements. 

After  publishing  these  proposed  regulations,  an  epa  consultant  reported 
to  the  agency  on  the  costs  of  complying  with  its  proposal.1  On  the  basis 
of  estimates  of  the  number  of  abandoned  and  producing  wells  in  the 
United  States,  the  consultant  calculated  the  rate  at  which  these  wells 
would  be  reviewed.  Assuming  that  5,000  new  injection  wells  would  be 
added  each  year,  the  consultant  estimated  that  it  would  take  roughly  10 
years  before  at  least  half  the  wells  to  be  reviewed  had  been  covered  and 
over  20  years  before  nearly  all  the  wells  were  reviewed.  The  consultant 
also  estimated  that  most  wells  reviewed  would  not  require  any  work  but 
that  7.5  percent  of  all  abandoned  wells  would  have  to  be  replugged,  at 
an  average  cost  of  $20,000  per  well. 

Since  epa  delegated  regulatory  authority  to  the  states,  they  have  issued 
permits  to  relatively  few  new  wells.  According  to  our  projections,  only 
23(  ±  7)  percent,  or  about  20,300  out  of  the  estimated  88,000  wells  in  our 
universe  at  the  end  of  1987,  began  operating  after  the  uic  programs 

'Cost  of  Compliance,  Proposed  Underground  Injection  Control  Program,  Oil  and  Gas  Vm  IN  prepared 
for  Office  of  Drinking  Water,  EPA  (June  1979). 
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were  implemented.  Consequently,  the  majority  of  Class  II  wells  in  our 
universe  have  not  been  subject  to  area-of-review  requirements. 

Although  epa  did  not  conduct  the  anticipated  first-year  review,  it  began 
a  Mid-Course  Correction  review  in  1988  to  examine  area-of-review 
requirements,  along  with  four  other  uic  program  safeguards.  As  part  of 
this  effort,  a  panel  of  headquarters  and  regional  staff,  as  well  as  state 
uic  program  officials,  plans  to  determine  how  effective  the  area-of- 
review  requirement  has  been  in  identifying  improperly  plugged  aban- 
doned wells  and  whether  the  requirements  should  apply  to  all  wells 
rather  than  only  new  wells.  As  of  October  1988,  epa  had  begun  to  survey 
the  states  as  to  how  they  have  been  implementing  area-of-review 
requirements,  epa  staff  expect  to  complete  their  work  and  develop  rec- 
ommendations for  the  Director  of  epa's  Office  of  Drinking  Water  in  1989. 


According  to  epa,  there  are  approximately  1.2  million  abandoned  oil  and 
gas  wells,  including  formerly  producing  wells,  in  the  United  States.  Of 
these,  about  193,000,  or  roughly  17  percent  of  the  total,  may  not  be 
properly  plugged.  However,  because  of  differences  in  construction  prac- 
tices and  well  depth,  among  other  factors,  the  degree  of  risk  from  con- 
tamination from  improperly  plugged  wells  differs. 

According  to  officials  in  Texas,  Oklahoma,  and  Kansas,  the  number  of 
improperly  plugged  wells  may  be  growing.  While  New  Mexico  officials 
believe  that  they  do  not  have  a  problem  with  abandoned  wells,  officials 
in  the  three  other  states  told  us  that  the  number  of  improperly  plugged 
wells  in  their  states  has  been  steadily  rising  in  the  last  few  years,  as  the 
decline  in  oil  and  gas  activity  has  forced  many  operators  into  bank- 
ruptcy. Although  these  three  states,  as  well  as  New  Mexico,  have  plug- 
ging programs  for  abandoned  wells,  Texas  and  Oklahoma  officials 
reported  that  they  currently  have  more  wells  to  be  plugged  than  they 
can  afford  to  pay  for. 

Texas,  for  example,  has  had  a  plugging  program  since  1965.  Until  1983, 
the  number  of  wells  that  were  plugged  with  state  funds  ranged  from  20 
to  50  a  year.  By  1984,  however,  the  total  number  of  wells  that  were 
plugged  rose  to  177,  and  the  state  began  to  charge  a  $100  drilling  permit 
fee  that  went  into  a  plugging  fund;  the  first  year,  $4.5  million  was  col- 
lected. However,  because  of  the  downturn  in  the  oil  industry,  by  1987, 
drilling  fee  collections  had  dropped  to  $2  million,  while  the  number  of 
wells  to  be  plugged  went  up  to  a  total  of  703.  As  of  January  1988,  the 
plugging  fund  contained  $1.2  million,  but  the  cost  to  plug  the  489  wells 


State  Efforts  to  Plug 
Improperly  Plugged 
Abandoned  Wells 
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awaiting  plugging  was  estimated  to  be  $2.6  million,  leaving  a  shortfall  of 
$L4  million.  In  addition,  the  state  is  now  attempting  to  compel  the  own- 
ers of  6,350  abandoned  and  improperly  plugged  wells  to  properly  plug 
them.  Depending  on  the  extent  to  which  owners  have  the  resources  to 
pay  for  plugging,  the  state  could  have  several  thousand  more  wells  to 
plug. 

Oklahoma,  which  also  has  a  plugging  program,  plugged  53  wells  during 
fiscal  year  1987  using  about  $122,000  in  funds  appropriated  from  gen- 
eral revenues,  according  to  a  state  official.  However,  these  were  only 
purging  wells — wells  from  which  brine  could  be  seen  flowing  at  the  sur- 
face. Although  there  were  even  more  wells  to  be  plugged  the  following 
year,  fewer  funds  were  available,  according  to  the  official,  and  only  19 
wells  were  plugged — those  that  posed  an  immediate  threat  to  water  sup- 
plies and  residents.  In  one  field  office  in  Oklahoma,  the  district  manager 
told  us  that  149  unplugged  abandoned  wells  had  been  reported  to  his 
office,  but  he  did  not  have  funds  for  plugging  them.  Noting  that  the 
number  of  unplugged  abandoned  wells  has  increased  significantly  in 
recent  years,  the  district  manager  estimated  that  there  were  thousands 
of  such  wells  in  his  district  alone. 

Kansas  also  maintains  a  plugging  fund  made  up  of  permit  fees  and  gen- 
eral revenues.  A  state  law  also  allows  abandoned  wells  to  be  plugged 
using  proceeds  from  the  sale  of  pipe  and  equipment  left  on-site.  While 
these  two  means  of  paying  for  plugging  have  thus  far  been  adequate, 
Kansas  officials  fear  that  with  increases  in  the  number  of  improperly 
abandoned  wells  being  reported,  their  plugging  programs  may  not  be 
sufficient  in  the  future.  Although  they  did  not  know  the  precise  number 
of  unplugged  abandoned  wells,  officials  are  aware  that  they  have 
increased  enormously  in  the  last  few  years.  In  1983,  Kansas  had  to  plug 
one  well  at  a  cost  of  $1,400,  but  by  1987,  the  state  had  56  wells  to  plug, 
which  cost  $213,000. 


Conclusions  Given  the  difficulties  in  detecting  contamination  and  obtaining  reports 

on  contamination  from  affected  individuals,  the  full  extent  to  which 
Class  II  wells  have  contaminated  drinking  water  is  unknown.  Neverthe- 
less, for  those  cases  that  we  know  of,  two  points  are  striking.  One  is  that 
uic  program  safeguards  have  in  some  instances  detected  and  prevented 
further  contamination.  Of  the  27  known  and  suspected  cases,  close  to 
half  were  discovered  during  routine  pressure  tests  and  record  reviews. 
As  a  result,  injection  was  halted  until  the  wells  could  be  reworked  to 
correct  the  problem,  or  the  wells  were  plugged. 
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The  other  point  that  stands  out  is  that  although  the  uic  program  pro- 
tects against  continued  contamination  from  structural  deficiencies  and 
improper  injection,  it  does  not  always  protect  against  contamination 
from  a  leading  source:  improperly  plugged  abandoned  wells.  Close  to 
half  of  the  known  and  suspected  cases  of  contamination  were  the  result 
of  fluids  flowing  up  through  improperly  plugged  wells  and  entering 
usdws.  In  these  cases,  contamination  was  allowed  to  spread  until  it  had 
become  extensive  enough  to  incur  noticeable  damage,  by  making  water 
undrinkable  or  ruining  crops,  epa  and  the  states  have  recognized  that 
these  types  of  wells  are  potential  threats,  and  the  four  states  in  our 
review  have  programs  to  plug  improperly  plugged  abandoned  wells. 
However,  these  programs  are  not  always  adequate  to  plug  all  the  wells 
that  three  of  these  states  believe  need  or  will  need  to  be  plugged. 

While  not  all  improperly  plugged  abandoned  wells  are  immediate  threats 
to  drinking  water  supplies,  those  that  are  near  operating  injection  wells 
can  serve  as  conduits.  For  this  reason,  epa  and  the  states  adopted  the 
area-of-review  concept,  but  they  adopted  it  only  for  new  wells,  reason- 
ing that  all  improperly  plugged  abandoned  wells  would  eventually  be 
discovered,  although  at  a  slower  rate  than  if  existing  wells  were  also 
subject  to  the  requirements. 

Events  occurring  since  epa  adopted  the  area-of-review  concept  have 
demonstrated — as  epa  has  recognized  in  its  Mid-Course  Correction 
review — that  it  is  time  to  reconsider  the  decision  to  exempt  existing 
wells  from  area-of-review  requirements.  Since  1980,  several  cases  of 
contamination  have  been  detected  as  a  result  of  migration  of  fluids  from 
existing  injection  wells  into  surrounding  unplugged  wells.  While  no  one 
can  say  whether  contamination  would  have  been  entirely  prevented  if 
area-of-review  requirements  had  been  imposed,  the  spread  of  injected 
fluids  would  more  likely  have  been  discovered  and  halted  sooner. 

Also,  in  the  past  2  years,  states  have  faced  increasing  demands  on  their 
plugging  funds  as  oil  and  gas  activity  has  declined  and  the  number  of 
improperly  plugged  abandoned  wells  has  grown.  By  relieving  well  oper- 
ators of  the  responsibility  to  identify  and  plug  any  improperly  plugged 
abandoned  wells  in  the  vicinity  of  their  injection  operations,  epa  has,  in 
effect,  transferred  the  costs  to  the  states  or,  in  those  cases  where  states 
do  not  have  sufficient  funds,  to  the  public  whose  drinking  water  sup- 
plies are  in  danger  of  becoming  contaminated. 

The  importance  of  having  sufficient  safeguards  is  underscored  by  the 
fact  that  there  are  usually  no  practical  remedies  once  contamination 
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occurs.  For  most  of  the  23  confirmed  cases,  the  drinking  water  sources 
that  were  contaminated  will  remain  so  for  years  until  natural  processes 
restore  water  quality. 

Extending  the  area-of-review  requirement  to  existing  as  well  as  new 
Class  II  wells  would  affect  a  large  number  of  wells — at  least  70  percent 
of  the  estimated  88,000  wells  in  our  universe — and  thus  could  require 
states  to  devote  additional  resources  to  reviewing  the  information  sub- 
mitted by  operators  and  ensuring  that  abandoned  wells  are  properly 
plugged.  However,  to  the  extent  that  these  existing  wells  are  in  the  same 
area-of-review  as  new  wells  already  permitted,  the  reviews  for  existing 
wells  should  have  already  been  completed.  In  addition,  because  the 
degree  of  risk  from  contamination  differs  among  existing  wells,  depend- 
ing on  well  depth  and  construction  practices,  for  example,  not  all  area 
reviews  conducted  by  operators  would  have  to  be  reviewed  at  once  by 
the  state  or  epa  regulatory  agency,  but  rather  they  could  be  reviewed 
over  a  period  of  time. 


In  order  to  better  safeguard  drinking  water  supplies  from  contamination 
from  Class  II  wells,  we  recommend  that  the  Administrator,  epa,  require 
that  uic  program  regulations  and/or  guidance  be  established  for  state- 
and  EPA-administered  programs  to  make  existing  wells  subject  to  area- 
of-review  requirements  as  are  new  wells.  Because  of  the  large  number  of 
such  reviews  that  would  have  to  be  conducted,  epa  should  establish  a 
priority  system  to  ensure  that  the  regulatory  agencies  review  those  area 
reviews  containing  improperly  plugged  wells  that  pose  the  greatest  envi- 
ronmental risks  first. 


Recommendations 
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On  the  basis  of  our  review  in  late  1987  and  early  1988,  states'  perform- 
ance in  implementing  existing  uic  program  safeguards  was  mixed. 
Although  the  four  state  programs  we  examined  are  meeting  most 
requirements  for  issuing  permits,  a  considerable  portion  of  their  well 
files  did  not  contain  sufficient  documentation  to  support  issuance  of 
injection  well  permits.  In  addition,  Kansas,  Oklahoma,  and  Texas  have 
not  finished  reviewing  the  files  of  rule-authorized,  or  existing  wells, 
with  Oklahoma  and  Texas  taking  longer  than  the  5-year  period  that 
epa's  guidance  allowed.  Similarly,  Oklahoma  and  Kansas  have  not  fin- 
ished pressure  testing  about  44  percent  of  their  existing  wells.  Kansas 
and  Oklahoma  are  also  not  monitoring  the  activities  of  many  of  their 
wells.  Finally,  while  all  four  states  require  proper  plugging  and  aban- 
donment procedures,  only  two  provide  for  financial  responsibility  on  the 
part  of  the  operator.  The  others  rely  instead  on  state  plugging  funds, 
which,  as  noted  in  chapter  2,  have  not  always  been  sufficient  to  pay  for 
all  the  wells  that  have  to  be  plugged. 

epa  regions  are  aware  of  delays  in  program  implementation  and  prob- 
lems with  financial  surety,  and  epa  has  increased  state  program  funding 
and  created  a  financial  surety  task  force  to  address  these  problems. 
However,  although  epa  has  been  assessing  the  states*  programs,  the 
agency  has  not  been  aware  of  the  extent  of  gaps  in  documentation. 


As  noted  in  chapter  1,  the  Safe  Drinking  Water  Act  gave  states  consider- 
able discretion  in  their  programs  to  regulate  Class  II  wells,  requiring 
only  that  they  demonstrate  that  they  were  protecting  drinking  water 
sources  and  included  inspection,  monitoring,  recordkeeping,  and  report- 
ing practices,  epa  guidance  specified  a  number  of  basic  safeguards  to  be 
included  in  state  programs,  including 

•  area-of-review,  mechanical  integrity  tests,  and  construction  require- 
ments for  wells  that  have  permits; 

•  file  reviews  and  mechanical  integrity  tests  for  rule-authorized  wells;  and 

•  inspections  and  operator  reports  (as  monitoring  devices)  and  proper 
plugging  and  abandonment  procedures,  including  some  form  of  financial 
responsibility  for  plugging  both  types  of  wells. 

We  found  that  all  four  states — Kansas,  Oklahoma,  New  Mexico,  and 
Texas — had  adopted  these  safeguards  in  some  form.  As  discussed  in  the 
following  sections,  however,  the  procedures  followed  and  the  extent  to 
which  they  have  been  implemented  differ. 


Class  II  Program 
Safeguards 
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In  order  to  obtain  a  permit  to  operate  a  Class  II  well,  states  require  oper- 
ators to,  among  other  things  (1)  meet  certain  construction  standards 
including  those  for  surface  casing,  (2)  search  for  and  plug  any  aban- 
doned unplugged  wells  in  the  area-of-review  (as  discussed  in  chapter  2), 
and  (3)  conduct  a  mechanical  integrity  test.  While  surface  casing 
requirements  vary  among  and  even  within  states,  state  programs  gener- 
ally require  that  new  wells  be  constructed  with  surface  casing  that  pro- 
tects the  lowest  usdw.  Files  on  the  new  wells  we  examined  showed  that 
this  standard  was  met.1  However,  we  found  that  many  wells  with  per- 
mits contain  no  evidence  in  their  files  that  area-of-review  information 
was  checked  or  that  the  pressure  test  portion  of  mechanical  integrity 
tests  was  conducted. 

To  make  sure  that  government  programs  are  operating  efficiently  and 
accomplishing  their  objectives,  program  managers  should  have  in  place 
a  system  of  internal  controls.  According  to  standards  for  internal  con- 
trols developed  by  gao  in  1983,2  significant  agency  transactions  and 
events  are  supposed  to  be  properly  recorded. 

We  found,  however,  that  the  four  states  did  not  have  internal  controls  in 
place  to  ensure  that  all  necessary  documentation  was  on  file.  For  exam- 
ple, for  all  types  of  wells  with  permits  we  found  that,  in  general,  files 
had  information  on  the  status  of  wells,  both  active  and  abandoned, 
within  the  area-of-review:  in  Kansas,  100  (65  to  100)  percent;  in 
Oklahoma,  88  (68  to  97)  percent;  and  in  Texas,  100  (89  to  100)  percent 
of  the  files  met  this  requirement.  (In  New  Mexico,  100  (37  to  100)  per- 
cent of  the  files  also  had  met  this  requirement,  but  this  estimate  is  based 
on  a  very  small  number  of  wells;  hence,  the  broad  confidence  interval.) 
In  none  of  the  states,  however,  did  uic  program  staff  document  their 
reviews  of  the  information  submitted  to  meet  area-of-review  require- 
ments.3 Although  staff  in  New  Mexico,  Kansas,  and  Oklahoma  told  us 


'Because  all  14  of  the  new  wells  in  our  sample  met  this  standard,  we  cannot  compute  a  meaningful 
estimate  for  our  universe.  At  the  individual  state  level,  the  estimates  are  Oklahoma,  100  (47  to  100) 
percent;  Texas,  100  (55  to  100)  percent;  Kansas,  100  (47  to  100)  percent;  and  New  Mexico,  100  (4  to 
100)  percent.  These  calculations  are  based  on  very  small  numbers  of  wells;  hence,  the  broad  confi- 
dence intervals. 

2Internal  controls  that  federal  agencies  are  required  to  follow  are  set  forth  in  GAO's  Standards  For 
Internal  Controls  in  the  Federal  Government,  published  in  1983  pursuant  to  the  Federal  Managers 
Financial  Integrity  Act  of  1982. 

3Because  none  of  the  59  permitted  wells  in  our  sample  showed  any  evidence  of  such  a  check,  we 
cannot  compute  a  meaningful  estimate  for  our  universe.  At  the  individual  state  level,  the  estimated 
percentages  of  wells  without  documentation  are  Oklahoma,  100  (88  to  100)  percent;  Texas.  100  (89  to 
100)  percent;  Kansas.  100  (65  to  100)  percent;  and  New  Mexico  100  (37  to  100)  percent.  These  calcu- 
lations are  based  on  small  numbers  of  wells  and  therefore  have  broad  confidence  intervals. 


Requirements  for 
Permits  Are  Not  Fully 
Documented 
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that  they  checked  the  information  that  permit  applicants  submitted 
against  state  maps  and  plugging  records,  we  found  no  evidence  of  such  a 
check.  Moreover,  while  examining  the  files,  we  could  find  no  evidence 
that  state  program  staff  had  ever  found  improperly  plugged  wells.  In 
Texas,  officials  acknowledged  that  they  rarely  reviewed  the  accuracy  of 
information  submitted  to  satisfy  area-of-review  requirements  because  of 
the  time  and  staff  required.  The  state  now  has  a  pilot  project  underway, 
funded  by  epa,  to  determine  the  costs  of  checking  area-of-review 
information. 

Documentation  was  also  missing  from  program  files  on  mechanical 
integrity  tests  (mits).  mits  are  performed  in  two  parts:  the  first  part  is  a 
check  of  cementing  and  other  records  in  order  to  verify  that  enough 
cement  was  used  to  ensure  that  fluids  are  not  migrating  from  the  injec- 
tion zone;  the  second  part  is  a  check  for  leaks  in  the  well  casing  and 
tubing,  either  by  annulus  pressure  tests,  monitoring,  or  other  means.  For 
new  wells,  mits  are  supposed  to  be  conducted  before  injection  can  begin 
and  every  5  years  thereafter. 

Overall,  41(  ±  14)  percent  of  the  files  in  our  universe  had  no  documenta- 
tion indicating  that  pressure  tests  had  been  conducted  before  the  wells 
were  allowed  to  begin  operating.  In  Texas,  the  uic  program  director 
explained  that  before  1986,  the  state  did  not  require  operators  to  submit 
this  information.  We  found  that  those  wells  in  Texas  that  had  no  record 
of  pressure  tests  had  all  been  issued  permits  before  1986  and  were 
therefore  not  required  to  submit  evidence.  In  Oklahoma  and  Kansas, 
program  officials  believed  that  the  necessary  tests  had  been  conducted 
but  that  the  reports  documenting  them  had  not  been  correctly  filed  or 
received  from  the  states'  district  offices,  epa  regional  officials  told  us 
they  had  known  of  problems  with  missing  documentation  but  were  not 
aware  they  were  as  extensive  as  our  review  found.  In  New  Mexico,  the 
files  in  our  universe  had  documentation  indicating  that  pressure  tests 
had  been  conducted  before  the  wells  were  allowed  to  begin  operating. 


Existing  Wells  Have 
Not  Been  Fully 
Reviewed  and  Tested 


According  to  epa  guidance,  states  were  to  review  the  files  and  test  the 
mechanical  integrity  of  all  existing,  or  rule-authorized,  wells  within  5 
years  of  achieving  primacy  to  make  sure  that  the  wells  are  not  endan- 
gering usdws.  As  of  the  end  of  1987  and  early  1988,  these  reviews  and 
tests  were  not  complete,  however. 
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File  Reviews  File  reviews  are  supposed  to  verify  the  following: 

1.  Each  well  extends  below  the  lowermost  usdw  and  has  an  adequate 
confining  zone  separating  the  injection  zone  from  that  usdw. 

2.  Each  well  is  designed  for  the  expected  use  and  local  geological 
conditions. 

3.  Each  well  is  cased  and  cemented  to  prevent  movement  of  fluids  in  or 
between  usdws. 

4.  Each  well  is  operated  at  an  appropriate  pressure  and  with  adequate 
controls  to  prevent  fracturing  of  the  confining  zone. 

5.  Each  well  operator  is  monitoring  and  reporting  as  required. 

6.  Each  well  owner/operator  is  maintaining  appropriate  financial  surety 
and  plugging  and  abandonment  plans. 

In  order  to  check  on  the  first  three  items,  state  officials  rely  on  opera- 
tors' well  completion  reports,  which  contain  information  on  the  depth  of 
the  well,  the  length  of  the  casing,  and  the  extent  of  cementing.  To  check 
on  well  pressures,  officials  examine  the  operator's  permit  and  the  pres- 
sure authorized  at  issuance.  Those  states  that  require  financial  surety 
on  the  part  of  the  well  operator  check  the  currency  of  financial  informa- 
tion, and  to  monitor  well  activities,  officials  check  to  see  whether  opera- 
tor reports,  describing  the  current  status  of  the  well  and  monthly 
pressure  readings,  are  on  file. 

Three  of  the  four  states  in  our  review  achieved  primacy  more  than  5 
years  ago:  New  Mexico  and  Texas  in  1982,  and  Oklahoma  at  the  end  of 
1981.  Since  Kansas  obtained  program  primacy  in  February  1984,  its  5- 
year  period  just  concluded.  However,  overall,  at  the  time  of  our  review 
only  32(  ±  18)  percent  of  the  necessary  file  reviews  had  been  completed. 
New  Mexico  conducted  an  equivalent  review  before  it  received  primacy 
and  was  therefore  given  credit  for  having  met  this  requirement  by  epa. 
Oklahoma  had  completed  36(  ±16)  percent  of  its  file  reviews  and  Texas, 
29(  ±  10)  percent.  Kansas  had  completed  reviews  on  7(  ±  7)  percent  of  its 
files.4 


4Although  Kansas  officials  claimed  that  23,  or  41  percent  of  our  sample  files,  had  been  reviewed,  19 
of  these  files  were  reviewed  at  the  field  level  and  state  files  did  not  contain  documentation  on  these 
reviews.  We  were  therefore  able  to  verify  only  those  4  files  reviewed  by  the  state,  which  comprised  7 
percent  of  our  sample  files. 
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In  these  three  states,  file  reviews  have  been  hampered  by  the  large 
number  of  wells  to  review,  incomplete  information  in  the  files,  and 
insufficient  staff  and  resources.  With  over  43,000  existing  wells,  Texas 
was  skeptical  from  the  start  that  it  could  complete  its  file  reviews 
within  5  years,  and  its  original  memorandum  of  agreement  with  epa, 
under  which  the  state  was  delegated  primacy,  contained  no  deadline  for 
completing  its  file  reviews.  The  state  did  relatively  few  file  reviews  until 
January  1987,  when  it  received  a  3-year,  $750,000  grant  from  epa, 
which  it  has  used  to  hire  12  staff  members.  Texas  officials  said  that  as 
of  December  1987,  they  had  completed  file  reviews  of  9,768  wells,  find- 
ing numerous  instances  of  missing  well  completion  reports,  along  with 
wells  that  were  being  regulated  but  had  never  been  authorized  to  inject 
by  the  state.  In  these  cases,  operators  are  required  to  apply  for  a  permit 
according  to  procedures.  The  state  expects  to  complete  all  its  file 
reviews  by  January  1990. 

With  almost  13,000  Class  II  wells  to  review,  Oklahoma  also  faced  a 
major  undertaking,  which  similarly  was  slow  to  start.  According  to  the 
state's  uic  program  director,  although  Oklahoma  achieved  primacy  in 
1981,  it  did  not  begin  its  review  of  rule-authorized  wells  until  1985 
because  until  that  time  Oklahoma  focused  on  permitting.  At  that  point, 
after  epa  expressed  its  concern  about  the  state's  lack  of  progress,  the 
state  hired  a  program  director  and  instituted  file  reviews  and  other  pro- 
cedures. However,  once  file  reviews  began,  reviewers  found  that  much 
of  the  information  they  needed — mostly  well  completion  reports — was 
missing  and  had  to  be  obtained  from  well  operators.  In  1986,  epa  region 
VI  granted  Oklahoma  another  2  years  to  complete  its  file  reviews,  until 
December  1988,  and  also  gave  the  state  additional  funding  for  its  pro- 
gram. Since  then,  epa  has  granted  Oklahoma  an  additional  extension  to 
September  30, 1989. 

Kansas'  file  reviews  were  also  slowed  by  missing  well  completion  infor- 
mation and  a  late  program  start.  When  Kansas  was  granted  primacy,  its 
program  was  jointly  administered  by  two  state  agencies  that  disagreed 
over  how  the  program  should  be  run.  Implementation  was  consequently 
delayed  until  1986,  when  a  single  state  agency  assumed  responsibility 
for  the  program.  Once  the  file  reviews  got  underway,  program  officials 
discovered  that  many  files  lacked  well  completion  reports.  As  a  result, 
the  state  began  to  require  operators  of  existing  wells  to  submit  well  com- 
pletion information  along  with  the  results  of  pressure  tests.  Kansas  offi- 
cials expect  to  complete  their  file  reviews  sometime  in  1989. 
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Mechanical  Integrity  Tests     Along  with  file  reviews,  mits  are  the  principal  means  by  which  authori- 
ties can  ensure  that  existing  Class  II  wells  are  not  contaminating  drink- 
ing water.  According  to  epa  guidance,  operators  were  to  conduct  the 
pressure  test  portion  of  the  mits  within  the  same  5-year  period  as  the 
file  reviews.  At  the  time  of  our  review,  however,  69(  ±  16)  percent  of  the 
required  pressure  tests  overall  had  been  conducted  within  the  last  5 
years. 

In  Texas,  93(  ±  6)  percent  of  the  wells  either  had  pressure  tests  com- 
pleted or  had  been  equipped  with  continuous  monitoring  devices.  In 
New  Mexico,  81(  ±  18)  percent  of  the  wells  had  annulus  pressure  tests. 

However,  in  Oklahoma,  only  44(  ±16)  percent  of  the  wells  and  in  Kan- 
sas, only  44(  ±13)  percent  of  the  wells  had  been  tested  within  the  last  5 
years,  in  both  cases,  because  incomplete  and  incorrect  inventories  of 
wells  delayed  the  states'  scheduling  of  pressure  tests.  As  discussed  fur- 
ther in  the  next  section,  it  is  the  policy  of  both  states  to  have  inspectors 
witness  as  many  pressure  tests  as  possible.  According  to  program  offi- 
cials, inspectors  were  often  unable  to  locate  wells  that  were  listed  in 
their  inventories.  In  other  instances,  inspectors  were  sent  out  to  a  well 
only  to  discover  that  the  test  had  already  been  conducted. 

As  with  the  mits  for  wells  with  permits,  Kansas  program  officials 
believed  that  tests  had  been  conducted  on  many  more  existing  wells  and 
were  surprised  to  learn  that  our  sample  results  were  much  lower. 
Oklahoma  officials  and  epa  officials  in  region  VI  recognized  that  prog- 
ress had  been  slow,  but  they  are  hopeful  that  with  the  addition  of  funds 
and  staff,  the  tests  will  be  completed  by  September  30, 1989. 


Operators  Are  Not 

Consistently 

Monitored 


To  help  ensure  that  operators  are  meeting  the  terms  of  their  permits,  uic 
programs  contain  provisions  for  inspection  and  monitoring.  According  to 
epa  guidance,  state  programs  are  supposed  to  provide  for  qualified  state 
inspectors  to  witness  at  least  25  percent  of  the  mits  conducted  each 
year.  To  monitor  activities  on  an  ongoing  basis,  program  officials  rely  on 
operator  reports,  submitted  at  least  once  a  year  and  containing  informa- 
tion on  the  injection  pressures  and  volume  of  fluids  injected  each  month. 


We  found  that  each  of  the  four  states  has  inspectors  to  witness  mits. 
Kansas,  New  Mexico,  and  Oklahoma  require  inspectors  to  witness  as 
many  mits  as  possible,  and  we  estimate  that  72  percent  or  more  of  the 
mits  conducted  in  each  of  these  three  states  had  been  witnessed  Texas1 
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policy  is  for  inspectors  to  witness  at  least  25  percent  of  the  mits,  and  we 
found  that  state  inspectors  had  witnessed  29(  ±12)  percent  of  the  mits. 

Monitoring  of  operator  activities  was  less  consistent.  While  New  Mexico 
had  operators'  annual  reports  on  file  for  all  or  most  of  its  wells  (100  [88 
to  100]  percent)  and  Texas  for  nearly  all  its  wells  (96[  ±  4]  percent),  Kan- 
sas had  only  48(  ±13)  percent  of  the  required  reports,  and  Oklahoma 
had  only  25(±  11)  percent.  Both  Kansas  and  Oklahoma  attribute  this  sit- 
uation to  incomplete  inventories  of  Class  II  wells.  Unlike  New  Mexico 
and  Texas,  which  have  computerized  inventories,  Kansas  and  Oklahoma 
are  still  in  the  process  of  compiling  their  inventories,  with  district 
offices  gathering  information  as  inspectors  witness  mits.  Once  the  inven- 
tories are  complete,  Kansas  and  Oklahoma  officials  said  they  will  be 
able  to  check  their  files  to  ascertain  whether  they  contain  current  opera- 
tor reports  and  to  send  out  notices  when  reports  are  found  to  be  missing, 
as  is  done  in  Texas  and  New  Mexico. 

Kansas  officials  expect  to  have  their  inventory  completed  in  1989,  while 
Oklahoma  program  officials  expect  their  inventory  will  be  completed 
once  all  the  mits  have  been  conducted,  in  1989. 


epa  guidance  for  state  programs  calls  for  Class  II  wells  to  be  properly 
plugged  upon  abandonment,  in  a  manner  that  will  not  allow  the  move- 
ment of  fluids  into  or  between  usdws.  The  guidance  also  calls  for  opera- 
tors to  maintain  financial  responsibility  for  plugging  their  wells  but  does 
not  specify  the  forms  it  must  take. 

While  all  four  states  in  our  review  have  adopted  requirements  for  plug- 
ging and  abandonment,  only  New  Mexico  and  Oklahoma  require  opera- 
tors to  provide  some  form  of  financial  assurance,  while  Kansas  and 
Texas  use  their  state-administered  plugging  funds  in  lieu  of  requiring 
operators  to  maintain  financial  responsibility.  New  Mexico  requires 
operators  to  provide  a  performance  bond,  either  for  a  single  well  or  an 
entire  field,  and  we  found  that  all  or  most  wells  (100  [88  to  100]  percent) 
had  evidence  of  surety  on  file  that  was  current. 

Oklahoma  requires  either  a  bond,  a  letter  of  credit,  or  a  financial  state- 
ment showing  a  net  worth  of  at  least  $50,000.  However,  state  officials 
have  encountered  problems  with  financial  statements,  claiming  that 
many  operators  who  were  allowed  to  furnish  financial  statements  went 
bankrupt  and  left  no  assets  for  plugging.  According  to  our  data, 
41(  ±12)  percent  of  the  wells  in  Oklahoma  with  evidence  of  financial 


Financial  Surety 
Requirements  Are  Not 
Working 
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surety  on  file  are  covered  by  this  form  of  assurance.  In  1986,  the  state 
legislature  tightened  the  requirements  for  financial  statements  by 
requiring  operators  of  new  wells  to  have  bonds  for  at  least  3  years 
before  they  can  use  financial  statements  as  financial  surety. 

Even  with  this  change,  however,  the  state  may  still  encounter  problems. 
Twenty-four(±  18)  percent  of  the  wells  in  Oklahoma  with  financial 
statements  on  file  as  evidence  of  financial  ability  showed  a  net  worth  of 
less  than  $50,000.  We  also  found  that  18(±  10)  percent  of  all  forms  of 
financial  surety  on  file  in  Oklahoma,  including  financial  statements,  had 
expired  or  were  not  current. 

Although  epa  allowed  Texas  and  Kansas  to  use  their  plugging  funds 
instead  of  requiring  operator  financial  responsibility,  as  discussed  in 
chapter  2,  Texas'  fund  is  inadequate  to  pay  for  plugging  all  the  known 
abandoned  wells  and  Kansas'  fund  may  not  be  sufficient  in  the  future  to 
plug  increasing  numbers  of  abandoned  wells.  The  director  of  Texas'  uic 
program  told  us  that  the  state  has  been  looking  into  the  possibility  of 
requiring  operator  financial  surety,  although  there  is  some  concern 
about  operators'  ability  to  pay  for  bonds  or  other  forms  of  surety.  While 
Kansas  has  no  plans  to  require  operator  surety,  the  uic  program  official 
in  charge  of  compliance  is  concerned  that  if  the  number  of  abandoned 
wells  that  are  improperly  plugged  continues  to  grow  at  current  rates, 
the  plugging  fund  may  become  inadequate. 

According  to  an  epa  official,  along  with  its  Mid-Course  Correction 
review,  epa  is  looking  at  the  need  for  changes  in  financial  surety  require- 
ments. While  continuing  to  examine  long-range  issues,  such  as  the  viabil- 
ity of  financial  statements,  an  epa  work  group  has  developed 
recommendations  for  immediate  implementation  that  included  require- 
ments for  annual  updates  of  financial  statements  as  well  as  updates  of 
plugging  and  abandonment  costs. 


EPA  Oversight  of  State 
Programs 


In  addition  to  the  Mid-Course  Correction  review  of  the  Class  II  program, 
which  is  looking  at  program  requirements,  epa  regulations  also  call  for 
the  agency  to  evaluate  how  well  states  are  implementing  their  programs. 
According  to  epa  regulations,  states  are  supposed  to  report  to  epa  annu- 
ally on  the  implementation  of  their  programs  and  quarterly  on  cases  of 
noncompliance  with  permit  requirements.  On  the  basis  of  the  states' 
reports  and  visits  to  the  states,  the  epa  regions  prepare  annual  assess- 
ments of  each  state's  progress  in  implementing  its  program. 
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While  we  found  that  regional  officials  were  reasonably  familiar  with  the 
status  of  the  four  state  programs  we  examined,  their  knowledge  of  the 
programs  was  based  on  general  observations  rather  than  on  an  in-depth 
review  of  well  records,  such  as  ours,  epa's  annual  evaluations  have 
focused  on  more  fundamental  program  implementation  issues,  such  as 
staffing,  funding,  and  adoption  of  regulations.  As  noted  earlier,  epa  offi- 
cials in  regions  VI  and  VII,  which  have  oversight  over  the  four  states  in 
our  review,  believe  that  while  Texas,  Kansas,  and  Oklahoma  were  slow 
to  put  their  programs  into  place  (particularly  the  latter  two  states),  the 
states  have  made  progress  in  the  last  few  years. 

However,  epa  is  concerned  about  the  adequacy  of  the  states*  data  man- 
agement systems  and  the  accuracy  of  their  reporting.  Our  findings  rein- 
force the  agency's  concerns.  In  particular,  we  found  that  the  information 
reported  to  epa  by  Kansas  and  Oklahoma  on  completed  file  reviews  and 
mits  differs  from  what  we  found  in  well  records.  For  example,  as  shown 
in  table  3.1,  Oklahoma  reported  to  era  that  by  the  end  of  1987,  about  the 
same  time  we  looked  at  well  records  in  the  state,  it  had  completed  66 
percent  of  its  file  reviews.  Our  review  of  records,  however,  found  that  a 
smaller  portion  of  the  file  reviews  had  been  completed — 36(  ±16)  per- 
cent. Similarly,  Oklahoma  reported  a  higher  completion  rate  for  pres- 
sure tests  than  our  record  checks  revealed.  In  Kansas,  the  difference 
between  what  we  found  and  what  the  state  reported  is  quite  wide,  the 
result,  according  to  state  officials  of  having  some  records  kept  in  field 
offices,  while  others  are  kept  in  the  central  state  office,  where  our 
review  was  conducted. 


Page  41 


GAO/RCED-89-97  Underground  Waste  Disposal 


Chapter  3 

Existing  Safeguards  Against  Contamination 
Have  Not  Been  Fully  Implemented 


Table  3.1:  Comparison  of  Selected  State- 
Reported  and  GAO  Data  for  Existing 
Wells  (Percent) 


Kansas 

72 

7(±7)c 

60 

44(±13) 

New  Mexico 

d 

d 

81(±18) 

Oklahoma 

66 

36(±16) 

73 

44{±16) 

Texas 

38 

29(±10) 

84 

93(±6) 

aOur  estimates  are  for  active  and  temporarily  inactive  wells  in  EPA's  FURs  inventory  as  of  October  1987 
EPA's  data  relate  to  similar  wells  listed  in  FURs  as  of  December  1987. 


bEPA  officials  said  they  consider  these  numbers  to  be  estimates  because  the  number  of  existing  wells  in 
the  states'  inventories  is  difficult  to  determine. 

cState  officials  believe  the  actual  percentage  of  completed  file  reviews  within  our  sample  was  41  per- 
cent. (See  footnote  4  on  p.  36.) 

dNew  Mexico  conducted  an  equivalent  review  before  receiving  primacy  and  was  therefore  considered  to 
have  already  met  this  requirement. 

GSince  New  Mexico  requires  a  pressure  test  annually,  the  number  of  tests  it  reported  is  greater  than  the 
number  of  existing  wells. 


Pressure  tests  (MITs) 

File  reviews  completed3   completed8  

State  data5         GAO  data        State  datab         GAO  data 


To  address  its  concerns,  epa  has  begun  a  complete  review  of  uic  program 
data  needs  and  management  systems.  After  identifying  epa  headquar- 
ters' information  needs,  the  agency  plans  this  year  to  identify  a  mini- 
mum set  of  data  elements  to  be  collected  and  kept  by  the  states  and 
regions  on  a  well-by-well  basis,  epa  expects  that  it  will  take  about  5 
years  to  have  a  satisfactory  system  in  place  for  every  program. 


Under  the  wide  latitude  allowed  by  federal  law,  states  have  adopted 
those  safeguards  that  epa  has  determined  to  be  fundamental  to  protect- 
ing usdws  from  contamination.  Most  of  the  states  we  visited,  however, 
have  taken  a  long  time  to  review  existing  wells  and  after  4  to  5  years, 
many  of  these  wells  had  still  not  been  reviewed  and  tested.  The  states 
and  epa  are  aware  of  this  situation,  however,  and  believe  that  the  prob- 
lems that  caused  these  delays — lack  of  sufficient  staff  and  resources  to 
deal  with  the  large  number  of  wells — are  being  addressed.  According  to 
state  officials,  remaining  file  reviews  and  pressure  tests  should  be  com- 
pleted within  the  next  year  or  two. 

epa  also  realizes  that  financial  surety  requirements  have  to  be  strength- 
ened. Although  intended  to  ensure  that  operators  would  not  abandon 
their  wells  without  properly  plugging  them,  financial  surety  has  not 
always  been  effective  in  guaranteeing  that  funds  will  be  available  for 
plugging.  In  view  of  the  large  number  of  improperly  plugged  abandoned 
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wells  in  the  United  States  and  the  potential  for  contamination  they  rep- 
resent, preventing  any  increase  in  their  numbers  should  be  a  high  prior- 
ity, epa's  task  force  is  an  important  effort  toward  this  end. 

On  the  basis  of  our  findings,  we  also  support  epa's  efforts  to  improve  its 
internal  controls  over  the  uic  program  by  developing  better  data  man- 
agement systems.  Specifying  precisely  what  information  should  be  kept 
in  the  records  of  each  well  is  an  important  step  in  helping  ensure  that 
the  data  that  are  reported  by  the  states  are  accurate  and  reliable. 

By  contrast,  epa  was  not  aware  of  the  extent  of  problems  with  new  per- 
mits. Although  operators  are  supposed  to  pass  a  pressure  test  and 
search  for  and  plug  any  improperly  abandoned  wells  in  their  area-of- 
review  before  they  can  receive  their  permits,  states  issued  a  considera- 
ble number  of  permits,  without  any  evidence  on  file  that  these  require- 
ments had  been  met  or  checked,  epa  needs  to  make  sure  that  states  are 
issuing  permits  only  if  sufficient  evidence  exists  that  pressure  testing  is 
performed  and  area-of-review  information  is  checked. 


RBCOmmCnd&tion  ^°       ensure  t^iat  Class  II  wells  are  structurally  sound  and  not  inject- 

ing into  areas  of  unplugged  wells,  we  recommend  that  the  Administra- 
tor, epa,  require  state  program  regulatory  agencies  to  institute  the 
internal  controls  necessary  to  ensure  that  Class  II  permits  are  issued 
only  if  documentation  exists  that  area-of-review  information  was 
checked  and  the  pressure  test  portion  of  mechanical  integrity  tests  was 
conducted. 
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Our  review  focused  on  active  and  temporarily  inactive  (we  are  using  the 
term  temporarily  inactive  to  refer  to  epa's  category  of  temporarily  aban- 
doned wells)  Class  II  wells  in  the  20  states  that  had  primary  regulatory 
authority  at  the  time  of  our  analysis.  As  table  LI  shows  these  states 
contain  a  total  of  134,729  active  and  temporarily  inactive  wells,  which 
represent  about  87  percent  of  all  such  wells  in  the  United  States. 


Table  1.1:  Active  and  Temporarily  Inactive 
Class  II  Wells  in  Primacy  States  (As  of 

October  1987) 


State 

Number  of  wells 

Texas 

49,476 

Oklahoma 

22,579 

Illinois 

14,147 

Kansas 

14,009 

California 

11,201 

Wyoming 

5,749 

Louisiana 

4,212 

Ohio 

3,952 

New  Mexico 

3,913 

Arkansas 

1,126 

Colorado 

932 

West  Virginia 

760 

Utah 

664 

Nebraska 

624 

North  Dakota 

595 

Missouri 

275 

Alaska 

266 

Alabama 

206 

South  Dakota 

40 

Oregon 

1 

Total 

134,729 

Source:  EPA,  FURS. 


In  choosing  our  sample  from  among  these  states,  we  excluded  Illinois 
because  epa  had  conducted  an  extensive  study  of  Illinois'  program  in 
1986.  This  exclusion  left  120,582  active  and  temporarily  inactive  Class 
II  wells  in  our  universe  of  interest. 


Our  sampling  then  proceeded  in  two  stages.  In  the  first  stage,  we  ran- 
domly selected  four  distinct  states,  with  the  probability  of  their  selec- 
tion proportional  to  the  total  number  of  active  and  temporarily  inactive 
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Class  II  wells  in  each  state.1  The  information  on  Class  II  active  and  tem- 
porarily inactive  wells  in  the  four  states  came  from  epa's  furs.  Each 
time  a  state  was  selected  meant  that  in  the  second  stage  of  sampling,  we 
would  take  a  sample  of  25  wells  from  that  state.  Thus,  since  Texas  was 
selected  five  times,  the  total  number  of  Texas  wells  that  would  be 
included  in  the  sample  was  125.  In  the  second  stage  of  sampling,  we  ran- 
domly selected  a  total  of  350  wells  from  these  four  states.  (See  table  1.2.) 


Table  1.2:  Sample  of  State-Regulated  ^b^M 

Active  and  Temporarily  Inactive  Class  II 

Wells 

State 

Texas 
Okfahoma 
Kansas 
New  Mexico 
Total 


Number  Proportion        Number  Number 

of  times        Number  of  wells  of        of  wells  of  wells 

selected        of  wells  interest       sampled  reviewed 

5           49,476  .410310               125~~  108 

4           22,579  .187250  100  63 

4  14,009  .116178  100  ~61 

1  3,913  .032451  25   24 

89,977  .746189              350  256 


Of  our  350  sample  wells,  we  filled  out  data  collection  instruments  (dcis) 
for  256  wells,  or  73.1  percent  of  the  wells  sampled.  We  did  not  fill  out 
dcis  for  the  remaining  94  wells  because  of  discrepancies  between  epa 
and  state  records.  The  specific  reasons  for  not  filling  out  dcis  are  listed 
in  table  1.3. 


Table  1.3:  Reasons  for  Not  Filling  Out  DCIs  on  Sample  Wells 


Number  of  wells 


Reason 

Texas 

Oklahoma 

Kansas 

New  Mexico 

FURS  inventory  contained  more  wells  for  a 
single  permit  than  state  files 

• 

29 

17 

• 

Not  an  active  or  temporarily  inactive  well3 

11 

6 

14 

1 

Permit  application  withdrawn 

6 

• 

3 

• 

No  file  found  for  well  in  state  records 

• 

2 

5 

• 

Total 

17 

37 

39 

1 

aFiles  showed  that  the  wells  had  been  plugged,  converted  to  a  production  well,  had  never  oeen  acti- 
vated, or  were  not  injection  wells. 

Because  we  reviewed  a  statistical  sample  of  wells,  each  estimate  devel- 
oped from  the  sample  has  a  measurable  precision,  or  sampling  error 


'We  randomly  selected  the  four  distinct  states  with  replacement.  This  means  that  each  rime  wr 
selected  a  state  from  our  19-state  universe  of  interest,  its  selection  was  noted  and  then  it  u  ,t> 
returned  to  the  universe  prior  to  the  next  selection.  Thus,  a  particular  state  could  be  sWtvtrd  m«  >iv 
than  once  before  we  selected  our  four  distinct  states. 
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The  sampling  error  is  the  maximum  amount  by  which  the  estimate 
obtained  from  a  statistical  sample  can  be  expected  to  differ  from  the 
true  universe  characteristic  (value)  we  are  estimating.  Sampling  errors 
are  stated  at  a  certain  confidence  level — in  this  case,  95  percent.  This 
means  that  the  chances  are  19  out  of  20  that,  if  we  reviewed  all  of  the 
Class  II  wells  in  our  universe,  the  results  of  such  a  review  would  differ 
from  the  estimate  obtained  from  our  sample  by  less  than  the  sampling 
errors  of  such  estimates. 

Our  sample  estimates  represent  approximately  88,000  ( ±  10,400)  active 
and  temporarily  inactive  Class  II  wells  in  the  universe  of  interest — 19 
primacy  states.  These  estimates  represent  Class  II  active  and  temporar- 
ily inactive  wells  that  we  would  expect  (1)  to  have  been  listed  in  the 
furs  inventory  as  of  October  1987  and  (2)  to  have  files  at  the  state  level 
that  would  enable  us  to  fill  out  a  dci  on  each  well. 
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Abstract 

Oil  and  gas  wells  can  develop  gas  leaks  along  the  casing  years 
after  production  has  ceased  and  the  well  has  been  plugged  and 
abandoned  (P&A).  Explanatory  mechanisms  include  chan- 
nelling, poor  cake  removal,  shrinkage,  and  high  cement  per- 
meability. The  reason  is  probably  cement  shrinkage  that  leads 
to  circumferential  fractures  that  are  propagated  upward  by  the 
slow  accumulation  of  gas  under  pressure  behind  the  casing. 
Assuming  this  hypothesis  is  robust,  it  must  lead  to  better  prac- 
tice and  better  cement  formulations 

Introduction,  Environmental  Issues 

This  discussion  is  necessarily  superficial,  given  the  complex- 
ity of  the  issue  and  attendant  practical  factors  such  as  work- 
ability, density,  set  retardation,  mud  cake  removal,  entrain- 
ment  of  formation  gas,  shale  sloughing,  pumping  rate,  mix 
consistency,  and  so  on.  A  conceptual  model  will  be  developed 
in  this  article  to  explain  slow  gas  migration  behind  casing,  but 
we  deliberately  leave  aside  for  now  the  complex  operational 
issues  associated  with  cement  placement  and  behavior. 

In  1997,  there  were  -35,000  inactive  wells  in  Alberta 
alone,  tens  of  thousands  of  abandoned  and  orphan  wells1,  plus 
tens  of  thousands  of  active  wells.  Wells  are  cased  for  envi- 
ronmental security  and  zonal  isolation.  In  the  Canadian  heavy 
oil  belt,  it  is  common  to  use  a  single  production  casing  string 
to  surface  (Figure  1);  for  deeper  wells,  additional  casing 
strings  may  be  necessary,  and  surface  casing  to  isolate  shallow 
unconsolidated  sediments  is  required.  As  we  will  see,  surface 
casings  have  little  effect  on  gas  migration,  though  they  un- 
doubtedly give  more  security  against  blowouts  and  protect 
shallow  sediments  from  mud  filtrate  and  pressurization. 


To  form  hydraulic  seals  for  conservation  and  to  isolate 
deep  strata  from  the  surface  to  protect  the  atmosphere  and 
shallow  groundwater  sources,  casings  are  cemented  using 
water-cement  slurries.  These  are  pumped  down  the  casing, 
displacing  drilling  fluids  from  the  casing-rock  annulus,  leav- 
ing a  sheath  of  cement  to  set  and  harden  (Figure  1).  Casing 
and  rock  are  prepared  by  careful  conditioning  using  centraliz- 
ers,  mudcake  scrapers,  and  so  on.  During  placement,  casing  is 
rotated  and  moved  to  increase  the  sealing  effectiveness  of  the 
cement  grout.  Recent  techniques  to  enhance  casing-rock- 
cement  sealing  may  include  vibrating  the  casing,  partial  ce- 
mentation and  annular  filling  using  a  small  diameter  tube. 

Additives  may  be  incorporated  to  alter  properties,  but 
Portland  Class  G  (API  rating)  oil  well  cement  forms  the  base 
of  almost  all  oil  well  cements.2  Generally,  slurries  are  placed 
at  densities  about  2.0  Mg/m3,  but  at  such  low  densities  will 
shrink  and  will  be  influenced  by  the  elevated  pressures  (10-70 
MPa)  and  temperatures  (35  to  >140°C)  encountered  at  depth. 

The  consequences  of  cement  shrinkage  are  non-trivial:  in 
North  America,  there  are  literally  tens  of  thousands  of  aban- 
doned, inactive,  or  active  oil  and  gas  wells,  including  gas  stor- 
age wells,  that  currently  leak  gas  to  surface.  Much  of  this  en- 
ters the  atmosphere  directly,  contributing  slightly  to  green- 
house effects.  Some  of  the  gas  enters  shallow  aquifers,  where 
traces  of  sulfurous  compounds  can  render  the  water  non- 
potable,  or  where  the  methane  itself  can  generate  unpleasant 
effects  such  as  gas  locking  of  household  wells,  or  gas  entering 
household  systems  to  come  out  when  taps  are  turned  on. 

Methane  from  leaking  wells  is  widely  known  in  aquifers  in 
Peace  River  and  Lloydminster  areas  (Alberta),  where  there  are 
anecdotes  of  the  gas  in  kitchen  tap  water  being  ignited.  Be- 
cause of  the  nature  of  the  mechanism,  the  problem  is  unlikely 
to  attenuate,  and  the  concentration  of  the  gases  in  the  shallow 
aquifers  will  increase  with  time. 

This  implies  that  current  standards  for  oilwell  cementing 
and  P&A  are  either  not  well  founded,  or  the  criteria  are  based 
on  a  flawed  view  of  the  mechanism.  This  is  not  a  condemna- 
tion of  industry:  all  companies  seek  to  comply  with  standards.3 
Nevertheless,  we  believe  that  the  AEUB  Interim  Directive  99- 
034  is  flawed  with  respect  to  gas  leakage  around  casings.  To 
rectify  this,  the  mechanisms  must  be  identified  correctly. 
Practise  can  then  be  based  on  correct  physical  mechanisms, 
giving  a  better  chance  of  success  (though  we  do  not  believe 
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that  the  problem  can  be  totally  eliminated  because  of  the  vaga- 
ries of  nature  and  human  factors,  despite  our  best  efforts). 

There  is  also  need  for  better  quality  oil-well  cement  for- 
mulations that  can  resist  thermal  shocking.  For  example, 
leakage  of  fluids  along  thermal  wells  in  cyclic  steam  opera- 
tions in  Alberta  has  proven  a  challenging  problem  for  Imperial 
Oil.5  If  poor  quality  or  poorly  constituted  cement  is  used,  high 
injection  pressures,  thermal  shocking,  plus  non-condensible 
gas  evolution  lead  to  leakage  behind  the  casing  that  could 
break  to  surface  under  exceptional  conditions. 

Finally,  in  production  management  for  conservation  pur- 
poses, zonal  isolation  is  multiple-zone  wells.6 

There  are  initiatives  to  identify  old  leaking  wells  and  un- 
dertake mitigating  action  in  Alberta  and  Saskatchewan,  the 
"orphan  well"  program  of  the  AEUB,  initiatives  by  the  Petro- 
leum Technology  Alliance  Centre  in  Calgary,  and  so  on.  This 
article  is  to  try  and  clarify  the  mechanisms  involved. 

Cement  Behavior 

Cement  Shrinkage:  If  cement  is  placed  at  too  high  a  water 
content,  it  loses  water  to  the  porous  strata  under  lower  pres- 
sure (p0)  through  direct  filtration  because  the  cement  hydro- 
static head  is  greater  than  the  pore  water  pressure  head.  The 
annulus  width  between  casing  and  rock  is  small  (e.g.  175  mm 
casing  in  a  225  mm  hole  =  25  mm),  so  even  a  small  shear 
strength  development  between  rock  and  cement  will  support 
the  weight  of  the  cement.  If  this  shear  stress  is  only  -0.5  kPa, 
the  entire  "hydrostatic"  head  of  the  cement  (yc-z)  can  be  sup- 
ported by  stress  transfer  to  the  rock  mass.  (Of  course,  because 
of  temperature  and  pressure  effects,  this  degree  of  set  is  not 
attained  simultaneously  along  the  entire  cement  sheath.) 

Thus,  while  the  cement  is  still  in  an  almost  liquid,  early-set 
state,  massive  shrinkage  can  occur  by  water  expulsion,  but 
annular  cement  settling  to  compensate  for  the  loss  of  water  is 
impeded  by  the  shear  stress  transfer  to  the  rock  mass.  The 
consequence  is  shrinkage  in  the  cement  sheath. 

Portland  cements  continue  to  shrink  after  setting  and  dur- 
ing hardening.7'8  This  autogenous  shrinkage  occurs  because 
hydration  reaction  products  occupy  less  volume  than  the 
original  paste.  Judicious  proportioning  control  of  the  cement 
slurry  and  the  use  of  admixtures  and  additives  can  limit  the 
physico-chemical  effects  of  the  autogenous  shrinkage  proc- 
esses. Mostly,  the  careful  control  of  water  content  by  using 
superplasticisers  and  the  control  of  macro -shrinkage  by  using 
appropriate  aggregates  benefit  the  properties  of  the  set  grouts. 

Silica  flour  (Si02,  ground  to  -20  |im)  is  often  used  to  make 
"thermal  cement".  It  is  added  in  quantities  approaching  75% 
of  the  dry  constituents,  the  remainder  being  cement  powder. 
Silica  flour  has  also  been  added  to  cement  in  an  attempt  to 
counteract  shrinkage.  Unfortunately,  for  physico-chemical 
reasons,  silica  flour  can  enhance  both  drying  and  autogenous 
shrinkage.9 

Silica  flour  is  a  ground  product,  usually  made  from  pure 
quartz  sand.  Physically,  the  silica  flour,  by  virtue  of  its  grain 
size  (D50  ~  10-20  |im)  has  a  large  surface  area;  this  provides 


not  only  enhanced  reaction  areas  for  kinetically  controlled 
hydration  processes,  it  provides  a  need  for  additional  wetting 
for  slurry  formulation.  Physico-chemically,  a  freshly  fractured 
silica  surface  possesses  a  high  chemical  reactivity  because  of 
the  presence  of  unsatisfied  bonds  arising  from  the  breaking  of 
the  silica  chemical  lattice.  These  fresh  surfaces  will  elec- 
trostatically bind  polar  water  molecules  to  satisfy  these  broken 
bonds.  Experiments  on  pure  silica  using  magnetic  resonance 
and  dielectric  permittivity  show  that  up  to  9-11  layers  of  water 
can  be  absorbed  on  the  surface,  and  the  closest  layers  are  of 
course  the  most  tightly  bound. 

The  surface  area  increases  inversely  as  the  square  of  the 
mean  particle  diameter,  therefore  reducing  the  surface  area  by 
a  factor  of  five  (grinding  100  |im  sand  to  20  |im  flour)  in- 
creases the  area  by  25,  and  because  the  new  surface  area  is 
chemically  fresh,  it  is  more  reactive.  Thus,  the  electrostatic 
bound  water  volume  for  silica  flour  is  vastly  larger  than  for 
geochemically  "old"  sand.  Furthermore,  electrostatically 
bound  water  thickness  is  reduced  by  temperature  (Brownian 
motion),  so  cool  slurry  will  have  a  surfeit  of  water  when  it 
becomes  heated  through  contact  with  geothermal  temperature. 

Alternative  fillers  are  required  to  control  the  macro- 
shrinkage  properties  of  the  materials.  We  recommend  60-100 
|im  quartz  sand  be  substituted  for  Si02  flour  when  possible. 

Other  processes  can  lead  to  cement  shrinkage.  High  salt 
content  formation  brines  and  salt  beds  lead  to  osmotic  dewa- 
tering  of  typical  cement  slurries  during  setting  and  hardening, 
resulting  in  substantial  shrinkage.10'11  Experiments  with  rec- 
ommended cement  grout  formulations  placed  against  salt  and 
potash  strata  clearly  show  massive  dewatering  of  the  cement 
and  the  formation  of  free  brine  at  the  interface  between  the 
cement  and  the  salt.  The  same  effect  must  occur  when  fresh- 
water cement  grouts  are  in  contact  with  low  permeability 
rocks  with  highly  saline  pore  fluids.  By  ensuring  that  the 
grouts  are  placed  at  high  density,  conducive  to  a  stable  grout 
microstructure,  the  effects  of  osmotic  dewatering  can  likely  be 
minimized,  but  this  should  be  quantitatively  assessed. 

Recently  marketed  finely  ground  cements  (Microfine™ 
and  Ultrafine™)  are  Portland  cement-based  materials.  They 
are  generally  finer  than  normal  Portland  cements  and  include 
pozzolanic  additives,  such  as  finely  ground  pumice.  Slurries 
of  these  materials  penetrate  fine  fissures  and  pores  in  rock 
more  readily  than  more  conventional  grouts  but  in  bulk  suffer 
from  very  high  shrinkage  and,  hence,  without  further  modifi- 
cation, are  not  suitable  for  grouting  the  annulus  between  oil- 
well  casings  and  the  borehole  wall.12 

Dissolved  gas,  high  curing  temperatures,  and  early  (flash) 
set  may  also  lead  to  shrinkage.  It  is  not  clear  if  non- shrinkage 
additives  have  substantial  positive  effects  at  great  depth  and 
high  temperature.  These  additives  (e.g.  Al  powder)  generally 
produce  some  gas,  which  in  the  laboratory  provides  volume 
increase.  Additives  may  enhance  some  properties;  however, 
they  may  induce  negative  impacts  on  other  properties,  or  lose 
effectiveness  at  elevated  temperatures,  pressures,  or  in  the 
presence  of  certain  geochemical  species.  Also,  autogeneous 
shrinkage  continues  long  after  these  agents  have  acted. 
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Cement  Strength  and  Rigidity.  API  standards  for  oil  well 
cement  specify  certain  strength  criteria.  Strength  is  not  the 
major  issue  in  oil  well  cementing  under  any  circumstances. 
Based  on  extensive  modelling,  cement  clearly  cannot  resist  the 
shear  that  is  the  most  common  reason  for  oilwell  distortion 
and  rupture  during  active  production.13  If  compaction  or 
heave  (from  solids  injection)  is  taking  place,  the  cement  itself 
provides  minimal  resistance  to  buckling  (compression)  or 
thread  popping  (tension).  If  the  annulus  could  be  filled  with 
relatively  dense  sand,  the  resistance  to  shear  would  be  better 
than  current  ordinary  oilwell  cement  formulations. 

Based  on  over  50  triaxial  tests  at  various  confining 
stresses,  we  have  shown  that  28-day  cured  oilwell  cements  are 
contractile  (volume  reduction  during  shear)  at  all  confining 
stresses  above  1  MPa  (150  psi).  This  is  also  the  case  for  70% 
silica  flour  cements,  and  for  the  new  products  based  on  ex- 
tremely finely  ground  cement.  (Specimens  were  cured  under 
water  at  20°C  or  at  90°C.)  However,  dense  concretes  used  in 
Civil  Engineering  are  dilatant,  and  therefore  resistant  to  shear, 
at  all  working  stresses. 

The  stiffness  modulus  of  typical  oilwell  cement  is  small 
compared  to  that  of  low  porosity  rocks,  and  vastly  lower  than 
that  of  steel.14  The  stiffness  moduli  are  roughly  2-4%  that  of 
steel,  though  there  is  a  wide  range  depending  on  density,  con- 
tent, and  confining  stress.  Depending  on  depth  (-stress)  and 
induration  (-porosity),  rock  moduli  may  vary  from  2%  to  50% 
of  steel,  and  a  reasonable  value  is  5-15%  in  most  intermediate 
cases  of  moderate  porosity  (10-20%). 

Bond.  Cement  will  not  bond  to  salt,  oil  sand,  high  porosity 
shale,  and  perhaps  other  materials.  Also,  bond  strength  (i.e. 
the  tensile  resistance  of  the  cement-rock  interface)  is  quite 
small;  in  fact,  the  tensile  strength  of  carefully  mixed  and  cured 
oilwell  cement  at  recommended  formulations  is  generally  less 
than  1-2  MPa.  Given  that  fluid  pressures  of  10' s  of  MPa  may 
have  to  be  encountered,  given  that  pressure  cycling  of  a  well 
can  easily  debond  the  rock  and  cement  (there  is  strain  incom- 
patibility because  of  the  different  stiffnesses),  and  given  that 
de-bonding  is  generally  a  fracturing  process  with  a  sharp 
leading  edge  rather  than  a  conventional  tensile  pull-apart  pro- 
cess, a  large  cement  bond  to  rock  cannot  be  assumed  in  any 
reasonable  case.  Initiation  and  growth  of  a  circumferential 
fracture  ("micro-annulus")  at  the  casing-rock  interface  will  not 
be  substantially  impeded  by  a  cohesive  strength  at  this  inter- 
face. 

The  presence  of  "good  bond"  on  a  cement  bond  log  is  in 
fact  not  an  indicator  of  bond,  but  an  indicator  of  intergranular 
contact  maintained  by  a  sufficient  radial  effective  stress.  The 
lack  of  bond  on  a  bond  log  is  actually  evidence  of  the  inability 
to  transmit  high  frequency  sonic  impulses  because  of  the  pres- 
ence of  an  "open  zone",  that  is,  a  circumferential  fracture  that 
is  open  by  at  least  a  few  microns.  Thus,  maintaining  "bond" 
actually  means  maintaining  effective  radial  stress.  Note  that  if 
effective  radial  stress  cannot  be  maintained,  then  hydraulic 
fracturing  conditions  must  exist  at  the  interface. 


The  Gas  Leakage  Model 

A  good  conceptual  model  must  explain  the  following  typical 
aspects  of  oilwell  behavior  that  are  observed  in  practice. 

■  Generally  there  are  no  open  circumferential  fractures 
detectable  after  a  typical  good  quality  cement  job 
("good  bond"  is  observed  on  the  log  traces). 

■  Such  fractures  develop  over  time  and  with  service. 

■  Even  in  cases  where  bond  appears  reasonable  over 
substantial  sections  of  the  casing,  gas  leakage  may  be 
evidenced  some  years  or  decades  later. 

■  The  process  is  invariably  delayed;  thus,  there  must  be 
physically  reasonable  rate-limiting  processes. 

■  The  gas  often  appears  at  surface  rather  than  being 
pressure  injected  into  another  porous  stratum  en- 
countered in  the  stratigraphic  column. 

■  The  presence  of  surface  casing  provides  no  assurance 
against  gas  leakage. 

Whereas  we  do  not  deny  that  mud  channeling,  poor  mud 
cake  removal,  gas  channeling,  and  so  on  can  occur  in  isolated 
cases,  we  believe  that  a  better  hypothesis  exists  to  rationally 
explain  the  points  listed  above. 

Figure  2  shows  the  effect  of  shrinkage  on  near-wellbore 
stresses.  (Plots  are  qualitative,  but  have  been  confirmed  by 
numerical  modeling,  to  be  published  later.)  Initially,  cement 
pressure  pc(z)  =  yc  z,  almost  always  higher  than  p0,  but  lower 
than  Ohmin  (lateral  minimum  total  stress).  Set  occurs  and  a 
small  amount  of  shear  stress  develops  between  the  rock  and 
the  cement;  then,  hydrostatic  pressure  in  the  cement  is  no 
longer  transmitted  along  the  annulus.  Thereafter,  even  minor 
shrinkage  (-0.1-0.2%)  will  reduce  the  radial  stress  (ar  =  o'r  + 
p0)  between  cement  and  rock  because  rock  is  stiff  (4-20  GPa 
for  softer  rocks),  and  small  radial  strains  (0.001-0.003)  cause 
relaxation  of  Gr  and  increase  in  Ge.  A  condition  of  p0  >  Gr  (o3) 
is  reached;  i.e.  the  hydraulic  fracture  criterion.  A  circumfer- 
ential fracture  (i.e.  _L  to  G3  =  Gr),  typically  no  wider  than  10-20 
jam,  develops  at  the  rock-cement  interface. 

A  thin  fracture  aperture  is  sufficient  to  appear  as  "loss  of 
bond"  in  a  geophysical  bond  log.  Because  in  situ  stresses  are 
always  deviatoric  (e.g.  ohmin  ^  OhmaxX  bond  loss  will  usually 
appear  first  on  one  side  of  the  trace,  or  on  two  opposite  sides 
(direction  of  ohmin)-  Wells  that  have  experienced  several  pres- 
sure or  thermal  cycles  will  almost  always  show  loss  of  bond, 
sometimes  for  vertical  distances  in  excess  of  100  m. 

A  zone  of  p0  >  or  (o3)  can  extend  for  considerable  heights. 
Nevertheless,  this  is  still  not  a  mechanism  for  vertical  growth. 
To  understand  vertical  growth,  consider  Figure  3,  where  a 
hypothetical  case  is  presented.  The  static  circumferential 
fracture  of  length  L  is  filled  with  formation  water  of  density 
yw,  giving  a  gradient  of  about  10.5  kPa/m  for  typical  oilfield 
brine,  but  the  gradient  of  lateral  stress  (3tfh/3z)  is  generally  on 
the  order  of  18-24  kPa/m.  This  means  that  if  the  fracture 
contains  a  fluid  pressure  sufficient  to  just  keep  it  open  at  the 
bottom,  there  is  an  excess  pressure  at  the  upper  tip  equal  to 
~L  (21-10.5)  ~  about  10  kPa/m,  in  typical  Alberta  conditions, 
for  example.  Thus,  because  of  the  imbalance  between  the 
pressure  gradient  in  the  fracture  and  the  stress  gradient  in  the 
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rock,  an  inherent  fracture  propagation  force  is  generated  that 
tends  to  drive  the  circumferential  fracture  upward.  (In  a  per- 
fectly horizontal  section,  this  cannot  happen,  but  the  process 
develops  equally  at  higher  elevations  in  the  well  where  it  be- 
comes inclined.) 

Now,  consider  what  happens  when  a  circumferential  frac- 
ture between  the  cement  and  the  rock  is  exposed  to  a  thin 
stratum  that  contains  free  gas  (there  are  invariably  several 
such  zones  in  any  well).  Cementing  a  casing  leads  not  only  to 
the  development  of  a  cement  sheath,  but  the  cement  paste  also 
slightly  penetrates  the  interstitial  space  in  the  surrounding  rock 
(a  few  grain  diameters  deep  for  typical  sandstone).  This  re- 
duces the  permeability  substantially,  and  because  of  capillary 
exclusion  effects  associated  with  two-phase  flow  and  the  re- 
duced pore  throat  diameter  arising  from  cement  particle  inva- 
sion, gas  flow  into  the  circumferential  fractures  is  almost  cer- 
tainly through  diffusion.  This  means  that  when  the  fracture  is 
small,  the  rate  of  gas  influx  is  modest.  However,  as  the  frac- 
ture grows  in  height,  the  contact  area  with  surrounding  sedi- 
ments increases,  and  eventually  (and  particularly  when  the 
pressures  are  being  reduced  by  surface  leakage  or  flow  into  a 
higher  stratum),  the  gas  diffusion  rate  is  large  enough  to  lead 
to  continuous  but  slow  gas  leakage. 

In  the  fracture,  once  solution  gas  saturation  is  achieved, 
free  gas  at  the  top  of  the  fracture  develops.  The  gradient  in 
gas  is  less  than  1  kPa/m  (rather  than  -10.5  kPa/m  for  water)  so 
there  is  an  even  greater  excess  driving  pressure  at  the  upper 
tip.  In  addition,  this  gradient  effect  tends  to  favor  driving  the 
liquid  in  the  fracture  back  into  the  formation,  albeit  slowly, 
and  the  fracture  becomes  more  and  more  gas-filled.  Thus, 
there  is  a  self-reinforcing  process:  the  greater  the  vertical 
height  of  the  fracture,  the  greater  the  excess  driving  force  at 
the  tip.  The  fracture  grows  vertically  upward,  and  eventually 
leads  to  gas  leakage  behind  the  casing  at  the  surface.  It  will 
migrate  up  around  the  outside  of  any  casing  strings  at  higher 
elevations  because  the  excess  pressure  that  can  be  developed 
at  that  stage  is  large  enough  to  fracture  even  excellent  bond 
(Figure  4).  However,  why  does  it  take  so  long  for  the  gas  to 
get  to  surface  (sometimes  decades)? 

Gas  must  migrate  to  surface  through  a  circumferential 
fracture  perhaps  only  10-20  |im  thick  extending  over  only  a 
limited  part  of  the  circumference  of  the  rock-cement  interface. 
Note  that  fracture  aperture  develops  between  pf  and  or  (=  o3) 
when  the  pressure  acts  to  maintain  it  open,  but  because  the 
rock  and  cement  have  elastic  stiffness,  they  act  to  severely 
restrict  the  aperture.  Thus,  there  are  at  least  two  rate-limiting 
aspects  to  gas  evolution  at  the  surface:  diffusion  rate  of  gas 
into  the  fracture,  and  the  low  "hydraulic  conductivity"  of  the 
circumferential  fracture  arising  because  of  its  narrow  aperture. 

Why  does  the  fracture  grow  so  slowly?  When  the  micro- 
annular  circumferential  fractures  are  not  connected  and  are 
short,  the  excess  pressure  at  the  tip  is  small.  Also,  if  the  cas- 
ing pressure  is  large  because  of  production  pressure,  this  leads 
to  a  small  outward  flexure  that  may  be  enough  to  maintain  the 
fissures  closed.  (Note  that  if  a  "better"  bond  log  response  is 
desired,  simply  pressurize  the  casing  as  the  bond  log  is  run!) 


As  the  production  pressure  declines  with  time,  the  fissure  will 
tend  to  open  more  because  the  casing  is  less  pressurized. 
Also,  fracture  growth  in  the  vertical  direction  is  undoubtedly 
aided  by  pressure  and  thermal  cycles. 

Nevertheless,  it  is  common  for  gas  bubbling  at  the  surface 
to  be  noticeable  only  years  and  sometimes  decades  after  P&A. 
Over  time,  the  effective  fracture  length  increases,  and  this 
leads  to  the  driving  pressure  increase  discussed  above.  Be- 
cause the  velocity  of  a  fracture  is  a  very  strongly  non-linear 
process  that  is  positively  coupled  to  the  driving  pressure,  it 
probably  takes  years  for  diffusion  processes  to  lead  to  a  con- 
dition where  growth  starts  to  accelerate.  However,  once  ac- 
celeration begins,  the  fracture  length  increases,  and  complete 
upward  propagation  is  fast  (days?  months?),  limited  only  by 
the  rate  at  which  fluids  can  enter  the  fracture  at  depth  and  flow 
to  the  tip.  Thus,  before  P&A,  a  cement  bond  log  may  show 
that  the  well  is  in  good  condition,  yet  this  is  no  guarantee  that, 
years  later,  leakage  will  not  occur. 

As  the  fracture  rises,  the  condition  that  the  pressure  in  the 
fracture  exceeds  the  pore  pressure  in  the  surrounding  strata 
will  arise.  This  will  lead  to  flow  from  the  fracture  out  into  the 
strata.  If  this  flow  is  unimpeded,  it  will  occur  and  the  fracture 
vertical  growth  will  terminate.  Now,  a  condition  exists  where 
gas  and  liquids  are  entering  the  wellbore  region  behind  the 
casing  and  leaving  it  at  a  higher  elevation.  This  is  a  loss  of 
zonal  seal,  and  could  have  negative  effects,  such  as  pressuriz- 
ing higher  strata,  or  leakage  of  brines  and  formation  fluids  into 
shallower  strata  causing  contamination.  It  can  also  have  posi- 
tive environmental  effects,  properly  executed. 

Yet,  despite  the  existence  of  permeable  zones,  gas  is  still 
observed  at  the  surface,  and  also  as  deep-sourced  gas  in  shal- 
low groundwater  aquifers.  The  reason  is  probably  that  the 
cement  paste  in  the  pores  of  permeable  strata  acts  to  exclude 
gas  by  capillarity  effects  along  the  entire  length  of  the  strati- 
graphic  column  (it  takes  a  large  Ap  to  overcome  surface  ten- 
sion effects  in  small  pores).  This  means  that  gas  must  leave 
the  fracture  mainly  by  liquid-phase  diffusion.  So,  it  seems 
that  in  leakage  cases  the  flow  rate  from  depth  simply  exceeds 
the  diffusive  bleed-off  rate  at  higher  elevations,  leading  to  the 
excess  appearing  at  the  surface.  An  interesting  chroma- 
tographic effect  probably  occurs  with  mixed  gases;  because  of 
differing  pressure  solubility,  more  soluble  gases  will  diffuse 
into  adjacent  strata  more  rapidly,  and  the  least  soluble,  CH4, 
will  arrive  at  the  surface  almost  pure. 

Unfortunately,  even  if  no  gas  appears  at  the  surface,  it  is 
no  guarantee  that  the  well  is  not  leaking.  In  fact,  the  common 
occurrence  of  household  water  sources  being  charged  with 
deep-sourced  gas  is  clear  evidence  that  there  are  many  cases 
of  leakage  where  the  gas  simply  enters  the  water  aquifer,  and 
may  never  bubble  around  the  casing. 

Discussion 

The  hypothesis  satisfactorily  explains  the  phenomena  associ- 
ated with  well  behavior.  Thus,  it  leads  to  a  number  of  ap- 
proaches to  solve  the  problem.  Eliminating  cement  shrinkage 
is  one,  but  there  are  other  practical  solutions  that  are  workable. 
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Cement  shrinkage  study  and  the  development  of  new  ce- 
ment formulations  that  have  no  Portland  phase15  is  an  ongoing 
part  of  an  industry- sponsored  project,  and  new  formulations 
will  be  available  soon.  Better  recommendations  for  P&A  are 
also  being  developed.  These  will  be  the  subjects  of  other  arti- 
cles. This  section  will  present  an  approach  to  environmental 
protection  that  can  be  operationally  implemented  at  present. 

Given  that  gas  leak-off  by  Darcy  flow  (rather  than  diffu- 
sion) is  likely  impeded  by  the  cement  paste  in  the  pore  space 
of  adjacent  strata,  one  approach  to  environmental  protection  is 
to  complete  a  well  in  the  manner  sketched  in  Figure  5.  The 
open,  non-cemented  section  is  deliberately  chosen  to  be  across 
beds  of  sufficient  permeability  so  that  when  excess  pressure 
develops  in  the  zone,  the  capillary  exclusion  effect  can  be 
overcome  (less  than  1  MPa  typically,  but  depending  on  grain 
size  and  clay  content).  Because  the  rate  of  gas  entry  and 
transmission  through  the  circumferential  fracture  is  small,  a 
permeable  bed  just  a  few  10's  of  centimetres  thick  will  suffice 
to  act  as  a  drain.  This  bed  will  accept  sufficient  volumes  of 
gas,  and  providing  that  it  is  laterally  continuous,  will  act  as  a 
drain  for  a  very  long  time,  perhaps  indefinitely. 

Is  there  a  need  to  revisit  API  standards  on  cement  formu- 
lation, placement  and  completion  practices,  and  industry  qual- 
ity control  during  placement?16'17'18  We  believe  so,  but  this  is 
a  substantial  issue,  and  specific  suggestions  await  more  re- 
sults. 

Closure 

The  elements  of  the  gas  leakage  mechanisms  that  we  propose 
are  the  following: 

■  Various  mechanisms,  but  mainly  cement  shrinkage, 
lead  to  a  drop  in  radial  stress. 

■  When  ar  <  p0,  a  circumferential  fracture  will  open. 

■  Differences  between  lateral  stress  gradients  and  pres- 
sure gradients  provide  forces  for  vertical  growth. 

■  The  excess  pressure  that  develops  at  the  upper  lead- 
ing tip  increases  as  the  (vertical)  height. 

■  The  fracture  will  tend  to  become  gas  filled  as  gas 
slowly  diffuses  into  it,  increasing  the  driving  force. 

■  Fracture  aperture  is  severely  limited  by  the  stiffness 
and  geometry,  limiting  the  upward  propagation  rate. 

■  Pore  blockage  because  of  cement  paste  penetration 
limits  gas  leak-off  rates  to  those  associated  with  dif- 
fusion because  of  capillarity  effects. 

■  Eventually  the  fracture  will  rise,  and  gas  will  enter 
shallow  strata  or  leak  at  the  surface. 

This  working  hypothesis  has  led  to  recommendations  on 
cementing  and  casing  strategies,  and  the  pursuit  of  a  cement 
formulation  that  can  be  easily  placed  yet  not  shrink  is  impor- 
tant, both  for  primary  cementing,  and  for  P&A. 
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Figure  1 :  Cased, 
Cemented  Wells 


Figure  2:  Radial  Stresses  and  Circumferential  Fractures 

_       \   far-field  stress 


circumferential  fractures  due  to  low  or 


7 


WHY  OILWELLS  LEAK 


SPE  64733 


stress  (pressure) 


<Z) 
05 
CD 


lateral  stress, 

Chimin 


ahmin  gradient 
typically  1 .5-2.2 


Tdepth 


excess  driving 
pressure  at  top 


pressure  in 
the  fracture 


gas  gradient  =  0.1 
oil  gradient  =  0.85 
H20  gradient  =  1.03 


gas 
entering 
fracture 
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AGRICULTURAL  LAND  AND  WATKI*  CONTAMIILYVION  FUOM 
INJECTION  WELLS ,    DISPOSAL  PITS,    AND  ABANDONKU  WKLL.VJ 
U.SED  IN  OIL  AND  GAS  PRODUCTION 


Ground  water  make  a  up  about  <5  0  %  of  all  water  used  in  Texas 
statewide,   and  a  larger  percentage  in  some  areas;.     As  development 
and  use  of  ground  water  continues,   its  quality  suffers  unless 
adequate  steps  are  taken  to  protect  it  from  man-made 
contamination,     Once  contaminated,  ground  water  may  require 
costly  cleanup  measures,  and  may  h*j  rendered  unusable.     Among  the 
potential  sources  of  pollution  from  oil  and  gas  exploration  and 
production  are  injection  wells  used  for  saltwater  disposal  and  in 
enhanced  recovery,  saltwater  disposal  pits  used  in  the  past,  and 
improperly  plugged  and  abandoned  exploration,  production,  and 
disposal  wells. 

In  response  to  periodic  inquiries  from  farmers,   ranchers,  and 
other  concerned  individuals,  the  Office  of  Natural  Resources 
conducted  a  study  of  this  aspect  of  the  agricultural  land  and 
water  contamination  problem.     The  research  was  conducted  by- 
Thomas  Gorman,   formerly  on  the  staff  of  the  Railroad  Commission, 
Oil  and  Gas  Division..     Railroad  Commission  staff  also  provided 
invaluable  cooperation  and  assistance.     This  report,  written  by 
Rick  Piltz,   summarizes  the  findings  of  the  study. 


Injection  Wells,   Disposal  Pits,   and  Abandoned  Wells 
I  nl  .  e c 1 1  o n  Wells 

An  injection  well  is  any  well  used  to  force  liquids  deep  into  the 
ground .     Underground  injection  is  used  in  the  oil  and  gas 
industry  for  disposal  of  salt  water  that  accompanies  production, 
as  well  as  other  oil  and  gas  waste ,  and  in  enhanced  recovery 
operations  (see  Diagram  1) .     The  Railroad  Commission  tap- 
permitting  and  enforcement  authority  over  both  types  of  injection 
wells ,  under  federal  and  state  law*     There  are  approximately 
50,000  injection  wells  in  Texas  associated  with  oil  and  gas 
production . 

Federal  require m ents  f o r  inj  ectio n ~ w ell  r e gu  1  a t i o n  a r e  s p a c i S: i e d 
in  the  Safe  Drinking  Water  Act  of  1974,  which  is  administered  by 
the  Environmental  Protection  Agency.     In  the  Safe  Drinking'  Water 
Act,  Congress  recognised  the  need  for  effective  state  regulatory 
programs  to  protect  underground  drinking-water  sources  from 
contamination  by  injection  wells,     EPA ' s  regulations  list 
construction,  permit,  operating,  monitoring,  and  reporting 
requirements   for  specific  types  of  wells,   sat  forth  enforcement 
procedures,   and  direct  the  states  to  set  up  their  own  underground 
injection-control  programs  to  protect  defined  drinking- -water 
sources . 
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In  1980,  the  Railroad  Commission  createxl  an  Underground  Injection 
Control   (UIC)   Section  in  its  Oil  and  Gas  Division  to  administer  a 
program  consistent  with  federal  and  state  lav/.     In  1932,  EPA 
granted  primary  enforcement  authority  to  the  state. 

Jurisdiction  over  injection  wells  in  Texas  is  divided.  The 
Railroad  Commission  regulates  wells  used  in  energy  production, 
including  oil  and  gas,   in  situ  coal  gasification,   and  geotherma .1 
resource  recovery. 

The.  Texas  Department  of  Water  Resources  regulates  wells  used  fcr 
industrial  waste  disposal  (including  hazardous  wastes)  ,   for  mining 
of  minerals  including  uranium,   copper,   sulfur,   sodium  chLoride, 
potash,  and  phosphate,   and  for  various  other  purposes. 

Chapter  27  of  the  Texas  Water  Code   (the  Injection  Well  Act.)  gives 
the  CoMission  jurisdiction  over  Class  II  wells  injecting  "oil 
and  gas  waste,"  which  is  defined  to  include  the  disposal  ol  salt 
water  and  other  produced  fluids,  disposal  associated  with  the 
underground  storage  of  hydrocarbons,   and  injection  arising  out 
of,   or  incidental  to,   the  operation  of  gasoline  plants,  natural 
gas  processing  plants,   and  pressure  maintenance  or  repi essur ing 
plants.     The  Injection  Well  Act  authorizes  the  permitting  of 
wells  for  the  disposal  of  salt  water  by  injection  into  formations 
thar.  are  not  freshwater  sands. 

Chapter  91  of  the  Natural  Resources  Code  gives  one  Commission 
jurisdiction  over  Class  II  injection  wells  used  for  ejxhance_d 
recovery  of  oil  and  gas  and  for  underground  hydrocarbon  storage. 
Enhanced  recovery  wells  inject  fluids  into  formations  productive 
of  oil  and  gas. 

The  Texas  Department  of  Water  Resources  assists  the  Ra i  ".road 
Commission  by  making  recommendations  to  the  oil  and  gas  industry 
and  to  the  Commission  for  the  protection  of  usable-quality  ground 
water  during  the  exploration  for  and  production  of  oil,   gas,  and 
other  minerals . 

Disposal  Pits 

Waste-disposal  pits  have  been  used  in  oil -production  operations 
to  store  or  evaporate  oilfield  brines .     In  1969 ,  the  Pailroac 
Commission  prohibited  by  rule  the  unauthorized  use  of  these 
saltwater-disposal  pits,  which  damage  the  land  surface  and  can 
cause  groundwater  contamination.     Most  oilfield  brines  now 
produced  in  Texas  are  reinjected  into  disposal  wells,  almost 
eliminating  the  use  of  pits  for  saltwater  storage  and  disposal, 

In  1983,   the  Legislature  put  restrictions  cn  saltwater  disposal 
•pits   into  statute,     Under  the  law   (Natural  Resources  Code,. 
Chapter  91,   Subchapter  K) ,    the  Railroad  Commission  may  allow  use 
of  a  disposal  pit  on  a  temporary,   emergency  basis,   or  all use 
of  an  "impervious"  disposal  pit. 


Abandoned , Wei la 


There  are  an  estimated  tens  of  thousands  of  abandoned  and 
unplugged  or  improperly  plugged  oil  wells  in  Texas,  Leaks 
through  these  abandoned  wells  can  result  in  groundwater 
contamination,  rendering  water  unfit  for  human  or  livestock 
consumption.     They  can  also  lead  to  saltwater  breakout, 
contaminating  the  land  surface  and  reducing  soil  productivity. 

The  Legislature  in  1983  enacted  a  $100  drilling  permit  fee  for 
any  permit  to  drill,  deepen,  plug  back,  or  re-enter  a  well,  with 
the  permit  revenuos  earmarked  for  a  new  State  Well  Plugging  Fund. 
The  Well  Plugging  Fund  is  to  be  used  by  the  Railroad  Commission 
for  plugging  abandoned  wells  and  for  enforcement  of  laws  or  ruies 
in  relation  to  the  Commission's  authority  to  prevent  pollution. 


The  Data  Base:     Railroad  Commission  Complaint  Files 

Our  study  of  cases  of  groundwater  contamination  resulting  from 
oil  and  gas  exploration  and  production  activities  is  based  on 
information  available  in  the  Railroad  Commission's  complaint 
files.     The  Commission's  Field  Operations  Section  keeps  a  file 
summarizing  pending  and  recently  closed  complaints,   as.  well  as  a 
complete  file  on  each  complaint. 

The  Field  Operations  Section  handles  lease  inspections  and 
complaints  regarding  leases.     The  district  inspectors  try  to 
inspect  each  lease  once  a  year,  but  this  is  not  always  possible 
because  of  personnel  and  budget  limitations.     Complaints  from 
outside  comprise  the  majority  of  the  matters  on  which  district 
inspectors  take  follow-up  action. 

We  reviewed  the  summaries  of  all  1789  complaints  that  were 
pending  as  of  November  1984 ,  as  well  as  the  summaries  of  2069 
complaints  that,  were  closed  between  January  1982  and  November 
1984   (these  were  the  complaints  filed  alphabetically  between  A 
and  K,  approximately  one-half  of  the  total  complaints  closed) . 
The  results  of  this  review  are  summarized  in  Table  1 ,  which 
indicates  the  frequency  of  the  principal  types  of  complaints  to 
the  Commissions 
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TABLE  1 

GENERAL  SUMMARY  OF  COMPLAINTS  TO  RAILROAD  COMMISSION: 


Category 

Abandoned  Wells  600 

Water  Well  Problems  93 

Saltwater  Pits— -active*  12 
Other  Pits  (drilling,  woirkovor, 

etc. )  —active  *  62 
Abandoned  Wells  w/  Abandoned  Pits  127 

Surface  Water  Pollution  56 
Saltwater  Leaks  from  Pipes  and 

Tank  Batteries  50 
Gas  Venting,  Flaring,  Leaking.  Odor  56 

Oil  Spill                  *  47 

Drilling  Mud  Dumping  37 

Saltwater  Dumping  4  6 

Sales  and  Payments  43 

oil  and  saltwater  Spill  27 

Abandoned  Pits  51 
General  Production  Related  (logs, 

proration,  reporting)  48 

Saltwater  Spill            *  26 

Oil  Leaks  19 
Location  or  Lease  Clean-Up; 

Exposed  Flowlines  3  5 

Pollution— general  complaints  41 

Lease  Identification  25 
Drilling  or  Vacuum  Service  without 

a  Permit  2  6 

Spacing  27 

Oil  and  Saltwater  Leak  21 

Drilling  Fluid  Spill  23 

Faulty  Injection  Weils  20 

Saltwater  Breakout  17 

Leaking  Saltwater  Disposal  Wells  6 

Seepage  10 

Tank  sediment  Dumping  5 
Saltwater  Disposal  Without  a  Permit  21 

Other  3 6 


Pending 
Complaints 
No.  of      %  of 
Casefr'  Total 


34.0% 
5 . 2 

4.0 

3,5 
7  ,  i, 

3.1 


2.7 
1.5 
1.1 

2.0 

2.3 
1.4 

1.5 
1.5 
1 «  2 
1.3 
1.1 
1.0 
0.3 
1.0 
0.3 


1, 


Closed 
Complaints 
No.   of       %  of 
Cases        '['ota  I 


Total 


1709 


100.  0 


361 
183 
19  5 

139 
96 
164 

165 
139 
134 
12  0 
100 

99 
105 

70 

70 
B4 
76 

55 
48 
45 

38 

3  2 
37 
3  4 
31 
26 
3  5 
22 
29 
7 
79 

2369 


12.6% 
6.4 
6.8 

6  .  6 
3  >  3 
5.7 


2  .  4 
2.9 
2  ,  6 

1.9 

1.7 
1  .  6 


y 


10  0.0 


Source:     Railroad  Commission  complaint  files.     Table  1  summarizes 
all  complaints  pending  as  of  November  1934,   and  complaints  filed 
alphabetically  between  A  and  K  that  were  closed  between  January 
1982  and  November  1984,   about  one-half  of  the  closed  complaint 
summaries .     The  categorization  of  complaints  was  developed 
informally  by  the  researcher. 
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Confirmed  Cases  cf  Contamination 


Of  the  4  6  58  complaint  summaries  reviewed  for  this  study,  37 
pending  complaint  summaries  and  90  closed  complaint  summaries 
suggested  possible  contamination  of  ground  v/ater.  These 
complaints  mainly  involved  v/ater  well  problems,   faulty  injection 
wells,  leaking  saltwater  disposal  wells,  saltwater  breakout, 
seepage,  and  disposal  without  a  permit.     The  full  complaint  files 
for  these  cases  were  reviewed,  to  the  extent  the  files  were 
available  and  could  bp  located  by  the  researcher. 

A  reading  of  the  full  complaint  files  in  these  187  cases  r&vealed 
69  confirmed  cases  of  groundwater  and/or  land  contamination — 3  6 
in  pending  complaints  and  33  in  closed  complaints.      (Since  one- 
half  of  the  closed  complaint  summaries  were  reviewed  for  this 
study,  it  might  reasonably  be  inferred  that  the  Railroad 
Commission  files  for  1982-1984  contain  a  total  of  roughly  100 
confirmed  cases  of  contamination  from  oilfield  injection  wells, 
saltwater  pits,  and  abandoned  and  improperly  plugged  wells)  * 

The  majority  of  confirmed  pollution  cases  occurred  in  a 
relatively  small  portion  of  the  stats-- 57%  of  the  cases  occurred 
in  two  of  the  Commission's  12  districts,   in  which  a  high 
percentage  of  production  is  conducted  by  small  independent 
operators  (see  Figure  l)  .     h  large,  proportion  of  the  complaints 
where  pollution  was  found  concerned  the  operations  of  small 
independents,  with  only  5  of  the  69  cases  traced  to  major  oil 
companies.     Twenty  of  the  69  cases  involved  operators  that  were 
unknown  or  no  longer  in  business. 

Only  a  small  percentage,  about  1-2% ,  of  the  total  complaints 
received  by  the  Commission  appear  to  involve  groundwater 
contamination .     However,  groundwater  contamination  car, as  are 
often  more  costly  and  serious  than  cases  involving  otner  types  of 
complaints .     Groundwater  complaints  stemming  from  the 
pollutionof  water  wells  are  the  most  numerous ,  but 
saltwater  breakout,  though  less  frequent,  can  also  be  a  serious 
problem. 

Because  of  the  numerous  sources  of  non-oil  field  related  water 
well  contamination,  less  than  one-fifth  of  the  water  well 
complaints  proved  on  inspection  to  be  related  to  oil  and  gas 
activities.     Frequent  non-oilfield  pollution  problems  include 
sewage  contamination,  wells  completed  deeper  than  the  base  of 
usable  quality  water  or  with  improper  casing,  and  bacteria  growth 
in  the  well . 

When  a  water  well  is  experiencing  an  oilfield  pollution  problem 
(typically,  high  chlorides)  ,  the  pollution  source  is  of*:en 
difficult  to  track  down.     The  source  could  be  a  leak  in  the 
casing  of  a  disposal  well,  leakage  behind  che  casing  due  to  poor 
cement  bond ,   old  saltwater  evaporation  pits,   or,  most  often, 
transport  of  contaminants  through  an  imjprj^pjir.ly  plugged 
abandoned  well .     Of  the  30  water  well  complaints  reviewed  in  this 
study  where  groundwater  contamination  from  oilfield  activities 
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was  found,   In  only  two  cases  waa  the  problem  traced  to  a  s ingle 
injection  well.     Nine  cases  were  attributed  to  saltwater 
communication  between  the  injection  zone  and  fresh  water  sands  by- 
means  of  improperly  plugged  abandoned  welly.     Another  nine  of  the 
cases  were  attributed  to  the  saltwater  evaporation  gits  thai*  were 
unrestricted  in  Texas  before  19S9. 

One  positive  note  is  that,  when  the  contamination  was  due  to  an 
improperly  plugged  we 13 ,  the  problem  could  be  fixed  by  plugging 
the  abandoned  well  properly.     This  procedure  could  cost  $10,000- 
$20,000  in  state  funds  .in  the  typical  cas,?.  when  the  owner  is  long 
gone.      (?h$  average  contract  price  for  a  weil-plugg  ing  is  $7000- 
$8000,   but  this  does  not  include  such  costs  as  field  work  by 
district  staff,   attempts  to  identify  and  locate  the  operator,  and 
administration) • 

The  other  major  pollution  problem,   saltwater  breakout,    is  closely 
related  to  v/ater  well  contamination  (see  Diagram  2).  When 
breakout  is  complained  of,   the  inspection  typically  turns  up  a 
real  pollution  problem.     Saltwater  breakout  takes  place  through 
an  improperly  plugged  well  completed  into  the  injection  zone. 
Usually  these  problems  can  be  remedied,   but  the  state  often  has 
to  pay  the  plugging  cost. 

Faulty  injection  well  complaints  often  concern  inn ection  down 
the  casing ,   a  violation  of  the  requirement,   since  19  82,   that:  the 
much  safer  tubing-packer  arrangement  be  used  in  disposal  wells 
(see  Diagram  1} .     Regular  inspections  and  pressure  tests  are  the 
best,  way  to  insure  proper  functioning  of  injection  wells,  Since 
1982,  Underground  Injection  Control  permit  regulations  have 
required  annual  well -monitoring  reports  to  the  Commission,  and 
pressure  tests  on  disposal  and  secondary  recovery  wells  every 
five  years.     The  operator  monitors  injection  volumes  and 
injection  pressure  with  a  monthly  reading,   and  reports  annually 
to  the  Railroad  Commission ,   which  does  an  annual   inspection.  The 
operator  is  exempted  from  the  five-year  pressure-test  requirement 
if  he  reports  the  monthly  annulus  pressure  of  the  well.  When 
Commission  district  inspectors  do  go  onto  a  lease  lim  men  iter 
pressure-tests  of  injection  wells,  they  sometimes  find  casing 
leaks,     For  example,   in  one  case  when  inspectors  looking  for  the 
source  of  an  oil  seep  tested  several  injection  wells,   they  found 
casing  leaks  in  two  of  the  six  wells  tested . 

The  other  groundwater  pollution  problem,   seepage   (see  Diagram  2), 
is  found  to  be  oilfield-related  in  only  a  small  percentage  of 
cases.     In  four  of  the  six  cases  when  oil f ield-related  seepage 
was  found,    it  involved  wells  that  had  not  been  properly  plugged, 
through  which  the  communication  was  taking  place.-     In  the  ether 
two  cases,    the  seepage  was  due  to  single  disposal  wells.  In 
those  cases,   the  seep  was  stopped  by  reworking  or  shutting- in  the 
well.     However,   since  seepage  can  travel  some  horii'.ontal 
distance,   it  may  be  difficult  to  confirm  tne  origin  of  tbe 
problem . 
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Our  review  of  the  available  evidence  indicates  that  must  of  the 
problems  of  groundwater  contamination  resulting  from  oil  and  gas 
production  activities  stem  from  unsound  past  practices  that  are 
no  longer  permitted:     abandoned  and  improperly  plugged  wells  that 
are  frequently  not  a  part  of  the  public  record,  saltwater 
disposal  pits,  and  saltwater  disposal  down  the  casing  of  an 
injection  well  without  a  tubing-and -packer  arrangement .  These 
practices  have  left  a  legacy  of  pollution  that  will  continue  for 
some  time  into  the  future,  and  that  has  implications  for  current 
public  policy*  In  particular,  the  fact  that  thousands  of 
abandoned  wells  are  still  being  discovered  should  be  considered 
in  decisions  regarding  funding  of  the  state's  well-plugging 
program,  and  in  regulation  of  deep-well  injection  of  hazardous 
wastes. 

Th e  .  S  tate  We  11 «- E>  1  ugg i ng  _  p_r ocj ra m 

About  40,000  drilling  penults  are  applied  for  annually  in  Texas, 
which  generates  $4  million  in  annual  revenue  for  tno  Railroad 
Commission's  State  Well-Plugging  Fund.     When  it  receives  a 
complaint  and  discovers  an  abandoned  well,   the  Commission  tries 
to  locate  the  last  operator  or  a  working- interest  owner,   and  do 
an  enforcement  action.     If  the  operator  can't;  be  found,   or  has 
gone  bankrupt,  and  no  other  responsible  party  can  be  found  who  is 
able  to  plug  the  well,   the  state  will  use  the  Well  Plugging  Fund. 
At  present,  the  Commission  has  identified  1600  leases  with 
potentially  troublesome  abandoned  wells,  a  total  of  some  3  000 
abandoned  wells  altogether,  and  is  checking  to  see  how  many  can 
be  plugged  by  operators  or  working- interest  owners,  and  how  many 
the  state  will  have  to  plug.      (A  surface  operator,   such  as  a 
farmer  or  rancher,  v/ho  did  not  receive  any  financial  benefit  from 
the  well ,   is  not  1 iable . ) 

The  apparent  scope  of  this  problem,  combined  with,  the  serious 
threat  posed  by  contamination  of  agricultural  land  and  wacer 
resources,   suggest  that  continued  adequate  funding  for  the  State 
Well -Plugging  Fund  should  be  strongly  supported, 

Hazardous  Waste  Management 

Much  of  the  technology  for  constructing  and  operating  injection 
wells  used  in  oil  and  gas  production  has  been  transferred  to 
wells  used  for  deep-well  injection  of  hazardous  chemical  wastes. 
Although  this  technology  is  w e 1 1 ~  e  fj t a b 1 i s h ed ,  faulty 
construction,   improper  operation,  or  deterioration  of  a  well 
could  lead  to  a  failure  of  the  hazardous  waste  injection 
procedure.     There  could  be  several  potential  contamination 
pathways  resulting  from  a   failure,   such  as  upward  migration  of 
the  waste  liquid  from  the  receiving  zone  along  the  outside  of  the 
well  casing,   escape  into  potable  aquifers  due  to  well-bore 
failure,   and  vertical  migration  and  leakage  through  abandoned  or 
improperly  plugged  wells  in  the  vicinity. 


10 


h  1983  report  by  the  Congressional  Office  of  a'oehrology 
A s a e s a m e n t  no t e d  1 1 1 a t : 

upward  migration  of  waste  through,  abandoned  or  closed  wo.Lls 
is  particularly  insidious  because  regions  where  waste 
injection  is  widely  practiced  also  have  a  ./  mg  history  of 
energy  exploration  and  development.     Depending  on  the  .site 
geology,  these  we  11b  provide  vortical  connect.}  ons  from 
deeper  formations  to  near  surface  or  surface  formations . 
Many  of  these  wells  were  drilled  before  plugging  of 
abandoned  we 11 a  was  required  *    Often,  their  locations  are 
not  known  and  some  may  no  longer  ho  evident  at;  the  ground 
surface . 

Hazardous  waste  injection  well  regulations  recfaire  potential 
disposers  to  calculate  the  subsurf ace  area  expected  to  be 
affected  by  the  pressure  of  waste  injection .     Before  now  waste 
injection  can  begin,  the  operator  is  required  to  survey  and  to 
plug  existing  wells  within  this  area.     '.Che  findings  of  our  study 
suggest  the  state  should  be  very  cautious  regarding  the  Biting  of 
hazardous  waste  injection  wells  in  areas  with  a  history  of  oil 
and  gas  exploration.     If  such  siting  is  po.rxd.tted ,   it  should  be 
done,   among  other  requirements,  only  after  a  survey  of  the  area 
to  locate  abandoned  wells  is  conducted  using  the  highest 
standards  for  precision  and  accuracy. 
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Examples  of  Groundwater  Ccmt urination  Problems 

The  following  partial  listing  of  case  summaries  through  November 
1984  illustrates  some  of  the  problems  brought  to  the  attention  of 
the  Railro a d  C  omm i s s i o n ; 

Hockley  County,  June  190  2c     Saltwater  can t ami i n a t. :i. o n  in  water, 
wells  was  found  to  be  caused  by  old  disposal  pits. 

Clay  County-;  October  191H  *    Complaint  that  mrpUiggod  well  was 
making  water  we 3. Is  go  salty.     Investigation  found "  abandoned  we- 1.1, 
which  was  ordered  plugged. 

Ward  County,  Kay  190  3.     Water  well  was  found  to  be  contaminated 
as  a  result  of  problems  with  a  saltwater  disposal  well  and 
saltwater  pits.     The  pits  were  backfilled  and  the  well  was 
plugged . 

Clay  County,  June  1904.     Complaint  of  water  well  contamination  by 
nearby  injection  well.     Investigation  showed  high  chloride 
content  in  the  well  water,  and  casing  problem  with  the  injection 
well.     Attempts  to  repai r  t h e  c a s i. n g  p rove d  u n s u c c e s $ f  u .'!. ,   s o  t h e 
well  was  ordered  plugged. 

Hockley  County,  July  1904.     Complaint  of  high  chloride  content  in 
domestic,  water  well,     Investigation  showed  the  problem  was 
probably  caused  by  an  old  saltwater  disposal  pit  used  until  1966, 

Andrews  County,  July  1904.     Unusually  high  chloride  concentration 
found  in  water  well.     District  personnel  suspect  old  'improperly 
plugged  well  nearby . 

Midland  County,  August  1904.     Analysis  of  water  wall  sample 
showed  a  very  high  chloride  concentration.     The  we  13   .is  near  the 
site  of  a  previous  complaint  where  it  was  determined  that  high 
chloride  concentrations  were  caused  by  old  backf  .i  lied  saltwater 
pits . 

3'Uxnnels  County,  March  190  3.     Unusually  high  chloride 
concentration  found  in  water  well.     District  personnel  suspect  a 
nearby  abandoned  well  that  was  not  properly  plugged. 

Schleicher  County ,  September  1904.     Good  water  well  developed 
high  chlori.de  concentration.     District  office  plans  to  request, 
state  funds  to  plug  old  abandoned  well  ona-quarter  mile  away , 

Scurry  County,   October  1982 .     High  chloride  concent. rat  ions  in 
several  water  wells  proved  to  be  from  several  saltwater  pits  that 
had  been  used  in  the  recent  past.     Chloride  concentrations 
decreased  significantly  after  the  pits  were  backfilled.  > 
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Marion  County,  November  19U4*     High  chloride  noncc\mtra.tio>i  found 
in  water  well  located  3.000  feat  from  one  inj notion  well  ayid  2000 
feet  from  another.     Commission  is  investigating  the  injection 
wells. 

Sal twa ter  Breakout 

C  a. 11  ah  an  County,  November  190  2.     Saltwater  breakout  was  round  to 
result  from  a  well  that  had  been  re-entered  for  injection  use. 
The  well  had  been  plugged  originally  in  1954  v     the  well  was  re  - 
plugged in  19 H3. 

Wichita  County,  April  19  82,.     Saltwater  breakout  problem  was  found 
to  be  due  to  a  leaking  injection  well,  which  the  operator  was 
ordered  to  repair. 

Throckmorton  County,  April  1904,     Saltwater  breakout  found  to  be. 
due  to  an  abandoned  well.     well  had  to  be  plugged  with  state 
fund «. 

Wichita  County,  December  1983 ♦     Investigation  found  salt  water  to 
be  surfacing  apparently  as  a  result  of  breakout  from  an  old  well . 
Inspection  also  found  unlined  pits,   abandoned  wells,   and  no  lease 
identification.     The  state  spent  $16,000  to  plug  six  abandoned 
wells . 

Shackelford  County,  September  1982 •     Complaint  of  saltwater 
breakout  from  injection  well.     Inspection  found  casing  leak  in 
i  n  j  e  c t  i  o n  w e  1 1 ,  wh  i  ch  v;a  s  r  e p  a  i  r e  d . 

Palo  Pinto  County,  July  1904.     Investigation  found  oil  and  salt 
water  coming  up  through  an  improperly  plugged  well.     The  water 
was  coming  from  an  injection  well  one-half  mile  away.  The 
abandoned  well  was  plugged  with  state  funds,. 

Wichita  County,  February  1904.  Oil  and  sal  twa  v.  .r  breakout  found 
to  be  coming  from  an  abandoned  well.  The  well  was  to  be  plugged 
with  state  funds. 

Archer  County,   December  198  3,     Salt  water  found  to  be  surfacing 
from  a  saltwater  disposal  well .     Disposal  was  discontinued  in  the 
leaking  well  until  it  could  be  reworked . 

Wichita  County,  July  1993.     Investigation  showed  saltwater 
breakout  about  100  feet  from  a  saltwater  disposal  well,  The 
unidentified  well  through  which  the  breakout  was  occurring  was 
plugged  with  state  funds. 

Callahan  County,  May  1934.     Inspection  found  leaking  abandoned 
well  causing  saltwater  breakout.     Weil  was  plugged  with  state 
funds . 
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Archer  County,  July  19  U  3 ,     Xncpeotion  revealed  nuinrona  unplugged 
welly  and  saltwater  breakout ,     Comm.iae ion  re  qui  red  operator  to 
plug  the  problem  walls. 

Archer  County,  November  1903,     Injection  or  salt  water  Into  an 
unauthorized  well  caused  saltwater  brealcout  on  adjacent  property. 
Commission  ordered  injection  stopped  and  well  to  be  plugged, 

a;u,l  ty„ ., t  %      citi  Q.yi-M^A-^- 

Stephans  County,  June  19U2.    Investigation  of  complaint  found 
injection  mil  not  equipped  with  tubing  and  packer .  Pressure 
test  showed  a  leak  in  the  casing,     fee  well  was  reworked  to  briny 
it  into  compliance. 

Gray  County,  January  1902,     Gulf  Oil  enhanced  recovery  in j action 
walls  were  found  to  be  the  source  of  groundwater  pollution,  Gulf 
spent  $460 t 000  plugging  abandoned  walla  and  testing  and  repairing 
casings,  and  agreed  to  supply  the  complainant  with  an  alternative 
supply  of  fresh  water.     In  the  end,  Gulf's  water flood  authority 
was>  rescinded, 

Glasscock  County,  February  1984,     Saltwater  disposal  well  had  to 
be  plugged  after  a  hole  in  the  4  1/2-inch  casing  was  found, 

Wichita  County,  October  1984 *     Complaint  that  operator  was 
injecting  saltwater  down  the  casing,  causing  possible  saltwater 
breakout.     Operator  was  ordered  to  disconnect  the  injection  until 
a  proper  cubing  and  packer  arrangement  was  completed „ 

Jack  County,  April  1984 .     Complaint  that  saltwater  was  mi r facing 
as  a  result  of  excessive  injection  *     Inspect  j.on  found  saltwater 
surfacing  between  production  and  surface  casing  of  an  offset 
well.     The  operator's  injection  well  was  ordered  shut- in  to  see. 
what  effect  it  would  have  on  the  offaet  wo  1.1, 

Wichita  County,  October  1984 .     Inspection  found  an  inactive 
disposal  well  set  for  injection  down  the  casing,  and  an  active, 
through- tub ing  injection  well  seeping  saltwater  around  the 
casing.     The  lease  was  sealed  until  it  i«  brought  into 
compliance c 

Seepage 

Shackelford  County,  October  198  3,  Investigation  showed  oil  and 
salt  water  seeping  into  a  stock  tank.  The  aeep  stopped  shortly 
after  a  nearby  well  was  plugged « 

Wichita  County,  October  198  3  .     Saltwater  e-eep  van-;  found  to  be.  due 
to  an  improperly  plugged  well,  which  allowed  communication  of 
fluids  from  three  nearby  injection  wells.     The  well  was  replugged 
and  the  problem  appeared  corrected. 


Caldwell  County,  March  1984,    Investigation  showed  oil,  gas,  and 
mud  surfacing  from  an  abandoned  wellbore  and  abandoned  drilling 
pits.     The  pollution  was  stopped  when  th<n  wellbore  was  plugged 
and  the  drilling  pits  were  covered,  at  a  cost  of  $19,000  in  state 
funds . 

Young  County,  February  1984*    Saltwater  surfacing  near  a 
residence  was  found  to  be  due  to  an  abandoned  well.    The  well  was 
plugged  at  a  cost  of  $15,000  in  state  funds, 

Howard  County,  June  1984.    Seep  area  found  in  pasture  near 
injection  wells.    The  well  identified  as  the  probable  cause  of 
the  problem  is*  scheduled  for  plugging. 

Mitchell  County,  April  1984.     Investigation  found  saltwater  flow 
to  surface  in  pasture.     After  the  injection  well  on  the  lease  was 
reworked,  the  seep  stopped. 
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FOREWORD 


The  study  described  within  was  initiated  January,  1978  as  part  of  the 
statewide  208  Water  Quality  Management  Planning  Program.   Funding  was 
provided  in  part  by  the  U.S.  Environmental  Protection  Agency  under 
provisions  of  Section  208  of  the  Federal  Water  Pollution  Control  Act 
Amendments  of  1972  (PL  92-500).  as  amended. 

Contractual  assistance  was  provided  by  the  Illinois  State  Geological 
Survey  (I.S.6.S.).    Particular  recognition  should  be  given  to  Mr.  George 
Lane  of  the  Department  of  Mines  and  Minerals  for  his  substantial 
cooperation  and  assistance  in  this  effort,  to  Mr.  Philip  Reed  of  the 
I.S.G.S.  for  assisting  in  the  acquisition,  compilation  and  interpretation 
of  field  data,  and  also  to  Mr.  Craig  Murphy  of  Northern  Illinois 
University  for  technical  assistance  and  his  many  hours  of  fieldwork 
expended  throughout  the  summer. 
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INTRODUCTION 


This  study  of  environmental  problems  related  to  oil  field  brine  disposal 
in  Illinois  began  in  January  1978,  as  part  of  the  Illinois  statewide  208 
water  quality  management  planning  program,  and  is  scheduled  to  be 
completed  by  the  end  of  1979.    The  preliminary  findings  and 
reconmendations  contained  herein  are  based  on  information  collected  and 
analyzed  through  August  1978.   The  format  reflects  the  approach  taken  in 
gaining  an  understanding  of  brine  related  problems  and  in  developing 
recommendations  for  their  abatement.   A  glossary  of  terms  appearing  in 
this  report  is  provided  at  the  end  of  the  text. 


Initial  Inquiries  and  Study  Objectives 


The  oil  field  brine  disposal  study  was  initiated  by  the  Illinois 
Environmental  Protection  Agency  (Agency)  after  receiving  several 
complaints  from  affected  landowners  concerning  contaminated  water 
supplies  and  damaged  land.    The  majority  of  complaints  initially  received 
were  channeled  through  the  public  participation  Regional  Advisory 
Committee  serving  the  southeast  central  portion  of  the  state.    To  obtain 
further  information  on  brine  disposal,  "Problem  Report  Forms"  were  made 
available  to  interested  citizens.   These  forms  were  designed  to  provide 
preliminary  estimates  of  the  areal  extent  and  nature  of  problems  commonly 
associated  with  brine  disposal  operations.    Subsequent  press  releases 
soliciting  the  help  of  concerned  citizens  generated  considerable 
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interest,  resulting  in  the  submission  to  the  Agency  of  16  completed 
forms.   An  example  of  the  circulated  form  appears  in  Appendix  A.  The 
information  thus  collected  helped  provide  the  basis  for  initial 
investigations  described  in  this  report. 

Major  objectives  outlined  for  the  study  included: 

1.  Providing  an  assessment  of  the  nature  and  extent  of  environmental 
problems  emanating  from  oil  field  brine  disposal  practices  in 
Illinois. 

2.  Conducting  a  detailed  field  study  of  more  specific  problems  related 
to  brine  disposal,  in  particular  the  subsurface  migration  of  chloride 
bearing  waters. 

3.  Providing  an  assessment  of  the  efficacy  of  the  rules  and  regulations 
governing  the  disposal  of  oil  field  brines  in  Illinois. 

Information  on  regional  geology,  soil  types  and  hydrogeology  of  the 
affected  areas,  as  well  as  information  on  contaminant  characteristics 
were  obtained  by  researching  previous  work.    It  was  found  that  a  great 
amount  of  information  on  Illinois  oil  field  brine  and  brine  disposal  had 
been  compiled  by  the  Illinois  State  Geological  Survey  (IS6S). 

To  employ  this  expertise,  the  Agency  entered  into  a  contract  with  the 
IS6S  for  a  detailed  field  investigation  of  four  typical  brine  disposal 
sites  in  south  central  and  southeast  central  Illinois.   The  primary 


2 


purpose  of  the  field  study  was  to  develop  a  reliable  and  convenient 
methodology  for  identification  of  chloride  concentrations  in 
water-bearing  earth  materials. 

Twenty-three  piezometers  were  installed  during  the  months  of  June  and 
July  1978  to  facilitate  development  of  a  relationship  between  ground 
water  quality  (chloride  concentration)  and  apparent  resistivity. 
Geologic  descriptions  of  the  sites,  cross  sections  with  gamma  logs,  and 
water  level  maps  from  piezometer  observations  were  also  developed  to  aid 
in  the  assessment  of  oil  field  brine  disposal  pollution  problems. 

Origin  of  Oil  Field  Brine 

Identifying  the  origin  of  brine  in  the  Illinois  Basin  is  a  complex 
problem.    Researchers  have  yet  to  agree  upon  a  solution.    Details  of  the 
more  widely  accepted  hypotheses  are  technically  far  beyond  the  scope  of 
this  report.    However,  for  descriptive  purposes,  the  most  simplistic 
hypothesis  will  be  presented  here.    It  proposes  a  derivation  from 
original  sea  water  with  a  minor  contribution  of  fresh  water  (Graf  et  al. 
1966).    Even  though  the  brines  originated  from  sea  water  initially 
incorporated  in  the  sediment,  subsequent  compaction  and  chemical 
alteration  resulted  in  concentration  of  the  constituents.  For 
comparative  purposes,  the  surface  water  closest  in  composition  to  these 
subsurface  brines  is  that  of  the  present  day  Dead  Sea. 

Table  I  provides  a  comparison  of  the  common  constituents  and  typical 
concentrations  of  sea  water  and  oil  field  brine  (Reid  et  al.,  1974). 


Table  I.   Comparison  of  Sea  Water  and  Oil  Field  Brine 


Sea  Water 
(mg/1) 

Oil  Field  Brine 

Na+1 

10,600 

12,000-150,000 

K+l 

400 

30  -  4,000 

Ca+2 

400 

1,000-120,000 

Mg+2 

1,300 

500-  25,000 

*  Cl-1 

19,000 

20,000-250,000 

Br-1 

65 

50  -  5,000 

1-1 

0.05 

1  -  300 

HCO^l 

0  -  1,200 

*S0j2 

2,700 

0  -  3,600 

As  indicated  in  Table  I,  brine  salinity  is  primarily  a  function  of 
the  sulfates  (SO^),  bicarbonates  (HCO31),  and  chlorides 
(Cl-1)  0f  tne  cations  sodium  (Na+),  calcium  (Ca+2)  and  magnesium 
(Mg+2)  (Reid  et  al.,  1974).   As  a  point  of  reference,  the  maximum 
allowable  concentration  for  both  chloride  and  sulfate  in  ground  water,  as 
set  by  the  Illinois  Pollution  Control  Board  (IPCB,  1977),. is  250 
milligrams  per  liter  (mg/1). 

A  feature  of  the  underlying  geology  known  as  the  Illinois  Basin 
covers  approximately  135,000  square  miles  of  the  south  central  and 
southeastern  portions  of  the  state  and  extends  into  southwestern  Indiana 
and  western  Kentucky  (Figure  1).   Most  of  Illinois  oil  and  brine 
production  is  concentrated  along  structural  features  within  the  basin 
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Figure  1.— Geologic  structure  of  Illinois  basin  drawn  on 
base  of  New  Albany  black  shale  (from  Meents 
et  ai.,  1952) 


(Figure  2),  although  reef  deposits  also  act  as  reservoirs  for 
hydrocarbons. 

Studies  on  the  concentrations  of  total  solids  present  in  Illinois 
Basin  brine  reveal  that  the  greatest  concentrations  are  centrally  located 
within  the  Basin.   As  reported  by  Meents  and  others  (1952), 
concentrations  diminish  radially  outward  and  seem  to  conform  to  the 
contours  of  the  Basin.    Figure  3  displays  the  distribution  of 
concentrations  found  in  samples  retrieved  from  the  Ste.  Genevieve 
formation.    Total  solids  in  other  basin  formations  vary  slightly  but  all 
seem  to  exhibit  similar  structural  dependencies. 

Oil  Production 

The  first  oil  fields  of  Illinois  were  discovered  around  1903  in 
Lawrence  and  Crawford  Counties  along  the  La  Salle  Anticlinal  Belt.  Since 
the  period  of  peak  production  from  these  oil  fields  in  1910,  annual 
production  has  fluctuated  drastically  with  changes  in  economy  and 
technology.    A  peak  in  annual  oil  production  of  146.8  million  barrels 
resulted  from  the  post-1937  Mississippian  discoveries  (Mast,  1970). 
Since  then,  rates  have  decreased  to  26.3  million  barrels  according  to 
1976  statistics  of  Van  Den  Berg  and  Lawry  (1976). 

Fluid  Injection 


In  an  attempt  to  increase  crude  oil  yield,  numerous  secondary 
recovery  operations  have  been  employed  in  the  Illinois  fields  with 
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Figure  3#-— Isocon  map  of  Ste.  Genevieve  brines 
(from  Meents  et  al. ,  1952) . 


varying  degrees>of  success.    These  installations  facilitate  the  injection 
of  water  into  oil-bearing  strata  via  input  wells  and  are  termed 
waterfloods.    In  this  method,  surface  and  subsurface  waters  are  utilized 
to  repressurize  and  flush-out  oil-bearing  formations*    Little  effect  was 
made  on  the  annual  oil  production  by  the  early  waterfloods  of  the 
1930' s.    However,  in  the  early  1950*  s,  the  combined  effects  of  modern 
waterflood  and  hydrofracing  techniques  increased  the  total  annual  oil 
production  by  approximately  35  percent  over  production  yields  obtained 
prior  to  the  use  of  these  techniques. 

Quite  similar  to  waterflood  installations  are  salt  water  disposal 
(SWD)  wells.    In  the  field,  it  is  difficult  to  distinguish  between  the 
two  operations.    As  both  are  injection  operations,  the  difference  lies  in 
the  final  destination  of  the  injected  fluid.    Unlike  the  fluids  of  a 
waterflood  operation,  the  saline  waters  injected  into  an  SWD  well  do  not 
stimulate  oil  production.    Rather  than  being  reinjected  into  the 
producing  formation,  the  brine  is  injected  into  a  porous  non -oil -bearing 
formation.    To  facilitate  reinjection*  wells  drilled  specifically  for  SWD 
or  wells  which  have  been  converted  from  other  functions  are  utilized. 

Detailed  information  on  waterflood  and  SWD  operations  may  be  obtained 
from  the  Illinois  State  Geological  Survey's  annual  publication  (Van  Den 
Berg  and  Lawry,  1976). 

It  has  been  reported  (Bell,  1957)  that,  with  early  oil  field  brine 
disposal  practices,  brine  was  often  siphoned  from  an  earthen  holding  pond 
directly  into  a  cased  well.    Since  gravity  was  the  only  injection  force 
utilized,  this  type  of  facility  was  usually  abandoned  as  the  permeability 


of  the  receiving  formation  diminished  to  a  point  where  free  flow  was 
restricted.    This  posed  no  particular  problem  in  that  another  well  in  the 
proximate  area  could  generally  be  found  and  readily  converted  to  meet  the 
disposal  needs.    In  subsequent  years,  technology  progressed  as  did  the 
amount  of  brine  produced.    With  the  development  of  the  more  modern 
secondary  recovery  techniques,  injection  pressures  on  the  order  of 
several  hundred  pounds  per  square  inch  were  conmonly  applied,  thus 
dramatically  increasing  the  ultimate  capacity  of  a  typical  injection  well. 

•  Some  of  the  more  serious  problems  involved  in  these  disposal 
operations  are  due  to  the  relatively  high  density  and  corrosiveness  of 
oil  field  brines  and  their  damaging  effects  upon  land  and  water  quality. 
These  problems  can  be  compounded  by  the  fact  that  as  an  oil  field  matures 
the  ratio  of  brine  to  oil  may  increase  substantially.    In  fact,  it  is  not 
uncommon  for  brine  to  oil  production  ratios  to  exceed  80:1.    The  effects 
of  this  amount  of  brine  production  can  be  very  destructive  unless  oil 
well  operators  are  equipped  to  safely  dispose  of  or  reinject  these  large 
quantities  of  caustic  waste. 

As  calculated  from  1976  statistics,  Illinois  oil  fields  subject  to 
waterf looding  produce  an  approximate  average  of  19  barrels  of  brine  per 
1  arrel  of  oil  recovered.    The  annual  disposal  rate  for  waterf lood 
oDO'\jtions  in  Illinois  during  1976  was  355,059,000  barrels,  a  3.5  percent 
increase  over  the  1975  rate.    This  amounts  to  an  average  daily  brine 
injection  rate  of  nearly  one  million  barrels  of  brine.    In  addition  to 
rein.iection  for  waterf  looding,  substantial  quantities  of  brine  are 
injected  into  salt  water  disposal  wells,  which  in  1976  accounted  for 
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approximately  20  percent  of  the  new  injection  wells.    However,  there  are 
no  records  available  indicating  the  amount  of  brine  disposed  of  by  this 
method. 


The  highly  saline  waters  associated  with  oil  production  pose  a  threat 
to  water  and  land.    The  daily  disposal  of  approximately  973,000  barrels 
of  brine  in  Illinois  has  been  responsible  for  the  sterilization  of 
thousands  of  acres  of  productive  land,  3,000  recorded  acres  in  White 
County  alone  (Fasig,  personal  communication).    Reports  from  individuals 
indicate  that  oil  field  brine  has  also  been  responsible  for  the  sickness 
or  loss  of  numerous  animals. 

The  Illinois  Pollution  Control  Board  (IPCB)  Regulations,  Chapter  3, 
Part  II,  Section  207,  prescribe  quality  standards  for  underground  waters 
of  the  state.    Table  II  lists  these  maximum  allowable  contaminant  levels. 


Brine  Pollution 


Table  II.    IPCB  Water  Quality  Standards 


Ground  Water 


General  Use 
Surface  Water 


Chloride 


250  mg/1 


500  mg/1 


Sulfate 


250  mg/1 


500  mg/1 


Total  Dissolved  Solids 


500  mg/1 


1,000  mg/1 
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By  comparing  the  constituent  concentrations  found  in  brine  pits  at 
the  four  study  sites  with  the  maximum  allowable  chloride  levels  set  by 
the  IPCB,  it  is  apparent  that  one  barrel  of  brine  possessing  a  chloride 
concentration  of  40,000  mg/1  would  be  theoretically  capable  of  elevating 
the  chloride  concentration  of  over  160  barrels  of  fresh  water  above  the 
maximum  allowable  contaminant  level. 

Since  the  discovery  of  large  commercial  supplies  of  oil  in  southern 
Illinois  in  the  1930' s,  brines  from  oil  fields  have  been  disposed  of  in 
various  ways.    Initially,  direct  discharge  into  streams  was  the  most 
common  method  of  disposal  (Reed,  1978 J.    Later,  in  the  1940' s,  the 
development  of  injection  wells  allowed  the  oil  field  brine  to  be 
reinjected  into  compatible  underground  reservoirs.    Perhaps  the  most 
common  practice  was  to  pump  the  brine  into  a  holding  pond,  as  this  was 
believed  to  allow  the  brine  to  evaporate  into  the  atmosphere.  However, 
in  Illinois  where  permeable  materials  are  often  near  the  surface,  many 
brine  holding  ponds  actually  became  infiltration  ponds  (Roberts  and 
Stall,  1967 )•    Consequently,  although  the  surface  water  pollution  problem 
was  greatly  improved  through  the  use  of  holding  ponds,  a  problem  of 
ground  water  pollution  is  now  present  in  many  Illinois  oil  fields  (Reed, 
1978 J.    However,  this  is  not  to  imply  that  streams  in  the  oil  production 
areas  have  been  completely  unaffected  since  the  1940' s.    Oil  field  brines 
slightly  diluted  by  precipitation,  after  entering  the  ground  water  system 
(Figure  4),  can  eventually  be  discharged  into  nearby  streams.  Flemal 
(1978)  has  reported  that  Illinois  surface  waters  in  areas  of  petroleum 
production  may  be  receiving  significant  amounts  of  ground  water  brines. 
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In  addition  to  raising  the  concentrations  of  many  chemical 
constituents  of  local  ground  water  far  above  the  maximum  contaminant 
levels  set  by  the  IPCB,  many  of  the  brine  holding  ponds  in  central  and 
southern  Illinois  are  responsible  for  vegetation  kills  covering  a  limited 
area  generally  of  a  few  acres  or  less.    These  vegetative  kills  are 
discernable  from  the  ground  and  from  aerial  photographs,  as  can  be  seen 
in  Plates  1  through  5  of  the  four  study  sites,  shown  on  the  following 
pages. 

Brine-polluted  ground  water  may  eventually  infiltrate  public  or 
private  water  supplies,  or  percolate  to  the  surface.    Water  supplies  for 
farms  and  dairy  operations  can  become  saline,  leaving  cattle  and  a  family 
without  potable  water.    This  was  the  case  for  a  Clinton  County  dairy 
farmer  and  his  family  in  1976,  when  highly  mineralized  waters  infiltrated 
his  local  ground  water  supply  (Case  I  -  Appendix  B). 

Productive  farm  land  can  be  left  completely  unvegetated  as  can  be 
seen  at  a  site  in  south  central  Bond  County.    In  this  case  a  field 
adjacent  to  a  brine  pit  was  left  void  of  vegetation  after  saline  ground 
water  percolated  to  the  surface  (Case  II,  Appendix  B). 

Property  values  can  drop  as  a  result  of  threatened  ground  water 
contamination.    This  occurred  in  1977  at  a  housing  development  located 
near  a  brine  pit  in  Rochester,  Illinois,  after  elevated  chloride 
concentrations  were  found  in  the  surrounding  ground  water  (Case  III, 
Appendix  B).    These  are  just  a  few  examples  of  environmental  degradation 
through  brine  pollution  that  have  occurred  in  Illinois  over  recent  years. 
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However,  even  though  these  cases  have  occurred  in  close  proximity  to 
active  oil  field  brine  disposal  operations,  lack  of  acceptable  legal 
evidence  has  left  land  owners  without  means  to  secure  compensation  for 
damages  incurred. 

One  of  the  important  characteristics  of  brine  pollution  often 
overlooked  until  the  damage  has  been  done,  is  that  the  pollution  cannot 
be  readily  reversed  by  merely  eliminating  the  existing  source.    In  ground 
water,  brine  pollution  may  persist  for  decades  and  travel  several  miles 
from  its  point  of  origin  before  it  is  appreciably  diluted. 
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FIELD  INVESTIGATIONS 


During  the  course  of  this  study,  considerable  time  was  spent  in  the 
field  by  Agency  and  IS6S  personnel.   This  section  outlines  the  field 
studies  and  observations  completed  to  date. 

Criteria 

During  initial  reconnaissance  trips  completed  in  May  of  1978,  the 
following  criteria  for  selection  of  sites  for  studying  environmental 
problems  associated  with  oil  field  brine  disposal,  particularly  unliried 
pits,  were  developed. 

1.  The  sites  should  be  geographically  distributed  across  the  oil 
producing  region  of  the  state  and  be  in  "representative"  geologic 
environments. 

2.  The  site  should  have  relatively  uniform  geology  which  can  be  readily 
determined. 

3.  The  site  should  have  simple  hydrogeology,  preferably  with  one  main 
water  transmission  zone. 

4.  The  site  should  be  sufficiently  isolated  from  other  sources  of 
chloride  contamination,  including  other  brine  ponds. 
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5.    Brine  disposal  facilities  at  the  site  should  have  been  in  operation 
for  a  sufficient  length  of  time  (at  least  10  years)  so  that  salt 
water  has  had  a  chance,  to  migrate  away  from  the  site. 


6.  The  site  and  observation  wells  should  be  accessible  for  a  period  of 
one  year,  if  possible,  to  provide  a  sufficient  number  of  samples  on 
which  to  base  the  final  conclusions. 


7.    The  layout  of  the  site  should  be  such  that  the  observation  wells  can 
be  located  with  a  minimum  of  interference  with  existing  property  uses. 


8.    The  site  should  have  as  few  pipes  and  other  metallic  objects  as 
possible,  to  preclude  possible  interference  with  resistivity 
measurements. 


9.  The  land  owner,  tenant,  and  lessee  of  the  site  should  be  cooperative 
with  project  staff. 

10.  There  should  be  no  litigation  or  regulatory  action  ongoing  or  pending 
at  the  sites  proposed  for  study. 

Location  and  Study  of  Sites 

Based  on  the  criteria  above  and  on  the  field  reconnaissance  work, 
four  sites  were  selected  for  resistivity  surveys,  test  drilling, 
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piezometer  construction,  and  earth  material  and  water  sampling.  The 
sites  are  located  at  active  oil  fields  in  Bond,  Christian,  Clay,  and 
Effingham-Fayette  Counties,  as  illustrated  in  Figure  5. 

Lithologies  encountered  at  the  four  study  sites  were  quite  similar. 
Three  of  the  sites,  Christian,  Bond,  and  Effingham-Fayette  Counties, 
possessed  relatively  thin  deposits  (1-6  ft.)  of  Wisconsinan  loess 
immediately  underlain  by  deposits  of  Illinoisan  till,  primarily  of  the 
Hagarstown  member  of  the  Glasford  formation.    The  Hagarstown  is  basically 
comprised  of  four  types  of  compact  to  noncompact  sediments  —  gravelly 
till,  poorly  sorted  gravel,  well  sorted  gravel,  and  sand  and  silt  often 
intermixed  with  blocks  of  underlying  till  (Jacobs  and  Lineback,  1969). 
In  most  cases,  the  holding  ponds  constructed  over  the  Hagarstown  till, 
which  covers  a  large  portion  of  the  oil  producing  area  of  the  state 
(Figure  6),  are  excavated  within  5  to  20  feet  of  aquifer  materials 
consisting  chiefly  of  sand  and  silt  with  minor  amounts  of  gravel  (Reed, 
1978).    Since  the  study  sites  are  fairly  uniform  lithologically,  the 
principal  control  mechanisms  for  chloride  migration  appear  to  be  dilution 
from  rainfall  and  ground  water  and  the  gradient  and  direction  of  ground 
water  flow  (Reed,  1978),  as  well  as  the  static  pressure  differential 
between  water  table  level  and  pit  level. 


Investigative  Procedures 

Investigative  procedures  at  each  site  began  with  an  electrical  earth 
resistivity  (EER)  survey  of  the  entire  study  area.    With  the  EER  method, 
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Figure  6. --Generalized  Location  of  the  Hagarstown  Member  of  the  Glasford  Formation 


a  direct,  commutated  or  low  frequency  alternating  current  is  introduced 
into  the  ground  by  means  of  two  source  electrodes  (metal  stakes) 
connected  to  a  portable  power  source.    By  mapping  the  resulting  potential 
distribution  created  on  the  ground  surface  using  two  potential  probes 
(non-polarizable  electrodes),  the  electrical  resistivity  below  the 
surface  may  be  ascertained.    By  using  the  Wenner  electrode  configuration 
(Figure  7),  in  which  the  four  electrodes  are  spaced  equally  along  a 
straight  line,  the  apparent  resistivity  can  be  calculated  as  2*  (*  = 
3.14)  times  the  electrodes  spacing  times  the  recorded  resistance. 

This  method  has  been  used  primarily  in  searching  for  water-bearing 
formations  and  in  prospecting  for  conductive  ore-bodies.    EER  studies 
have  also  been  used  to  monitor  the  deterioration  of  water  quality  and  the 
extent  of  leachate  migration  near  landfills  (Cartwright  and  Sherman, 
1972).    Success  of  the  EER  method  in  the  applications  mentioned  above  is 
due  to  the  fact  that  apparent  resistivity  is  partially  controlled  by  the 
presence  and  quality  of  subsurface  water.    This  same  technique  can  be 
applied  to  the  migration  of  oil  field  brine.    The  presence  of  highly 
conductive  brine  in  the  ground  water  is  readily  apparent  as  a  depression 
of  the  normal  resistivity  values.    The  decrease  in  resistivity  with 
increasing  water  salinity  is  shown  in  Figure  8,  adopted  from  Guyod 
(1952).    The  greatest  change  in  resistance  occurs  at  the  lower  salinity 
end  of  the  curve  from  15,000  parts  per  million  (ppm)  downward.  Although 
previous  electrical  earth  resistivity  studies  conducted  by  the  Illinois 
State  Geological  Survey  have  clearly  related  differences  in  subsurface 
resistivity  measurements  to  the  migration  of  oil  field  brine,  no  detailed 
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Figure  7. --Electrode  Spacing  for  Measuring  Electrical  Earth 
Resistivity  Using  a  Wenner  Configuration. 
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investigation  of  subsurface  water  quality,  lithology,  and  surface 
electrical  measurements  had  been  made  in  the  state  prior  to  this  study. 
Case  histories  of  four  sites  previously  studied  in  Clinton,  Sangamon  and 
White  Counties  are  included  in  Appendix  B.    The  exact  locations  of  these 
sites  in  relationship  to  the  current  study  sites  are  illustrated  in 
Figure  5. 

Apparent  resistivity  values  obtained  from  the  EER  surveys  were 
plotted  and  contoured  for  various  electrode  spacings.    This  spatial 
variation  provides  control  over  the  depth  of  observation.    In  general,  an 
apparent  resistivity  value  obtained  from  an  electrode  spacing  of  X  feet 
can  be  thought  of  as  the  apparent  resistivity  of  the  subsurface  materials 
to  a  depth  of  X  feet.    However,  the  actual  apparent  resistivities  of 
materials  beneath  a  highly  conductive  layer  may  be  masked.    A  comparison 
of  surface  resistivities  and  resistivity  measurements  made  on  drill  core 
samples  indicates  this  is  clearly  the  case  at  the  four  study  sites.  At 
these  sites,  surface  resistivity  surveys  suggest  the  presence  of  enlarged 
areas  of  reduced  resistivity  in  a  compact  gracial  till  below  a  depth  of 
approximately  20  feet.    Low  resistivities  in  this  zone  was  not  expected 
due  to  the  impermeable  nature  of  the  material,  and  was  discounted,  after 
looking  at  core  resistivities,  as  being  caused  by  a  masking  effect  of  the 
overlying  contaminated  aquifer  material.    Contour  maps  for  each  site  of 
the  apparent  resistivities  obtained  from  electrode  spacings  of  5,  10,  15, 
and  20  feet  are  included  in  Appendices  C  through  F. 

The  next  step  in  the  investigation  was  to  locate  and  emplace  a 
piezometer  network.    This  was  done  by  using  the  EER  contour  maps. 
Piezometers  at  each  site  were  located  so  as  to  provide  a  spatial  as  well 
as  an  electrical  resistance  dispersion  across  the  study  areas. 
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Once  located,  the  bore  holes  were  augered  with  a  portable  drill  rig 
provided  by  the  ISGS,  and  split  spoon  samples  of  the  earth  materials  were 
taken  generally  every  five  feet.    To  provide  additional  information  on 
the  permeability  of  the  material  and  the  degree  of  contamination  of  the 
interstitial  fluids,  both  the  nunber  of  blows  required  to  obtain  the 
sample  and  its  apparent  resistivity  were  recorded*    After  penetrating  to 
an  impermeable  zone,  usually  a  cobbly  till,  a  gamma  ray  probe  was  lowered 
through  the  augers  to  verify  the  position  of  water-bearing  earth 
materials.    After  making  this  determination,  a  plastic  casing  slotted 
opposite  the  most  permeable  zone  was  lowered  into  the  bore  hole.  Upon 
retraction  of  the  augers,  the  bore  hole  was  gravel -packed,  bentonite 
sealed  and  back-filled. 

The  measurement  of  static  water  levels  and  water  sampling  began  after 
emplacement  of  the  23  piezometers  at  the  four  sites.    Initially  two  sets 
of  water  samples  were  taken  at  semimonthly  intervals  to  provide  the  data 
for  this  report.    Sampling  is  now  scheduled  to  continue  at  monthly 
intervals  through  July  1,  1979.    From  the  laboratory  analyses,  average 
concentrations  of  the  major  constituents  of  water  samples  from  each 
piezometer  and  study  pit  are  reported  in  Table  III. 
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Table  III.   Average  Concentrations  of  the  Major  Chemical 
Constituents  From  Each  Piezometer  and  Pit. 

Chloride       Sodium       Calcium       Sulfate       Potassium  Magnesium 
ppm  ppm  ppm  ppm  ppm  ppm 


R-Pit 

14,500 

11 ,000 

370 

103 

25 

A  1  A 

310 

R-lA 

76.5 

200 

150 

104 

A  A 

3.0 

57 

R-3B 

19,750 

1,250 

1,000 

A  1 

91 

7.4 

585 

R-16 

3,900 

1,900 

645 

65 

6.6 

280 

R-26 

95 

190 

50 

1.5 

.9 

20 

n    on  a 

R-28A 

22 ,000 

1  A  Cf\f\ 

14,500 

a  a  a 

800 

O  "7 

97 

11.7 

TAP 

505 

R-32 

75 

100 

i  oo 

133 

53 

1.2 

45 

R-43 

27 

78 

AAA 

303 

A  A 

29 

.6 

*l  Oil 

134 

R-US 

290 

170 

50 

43 

7.0 

17 

R-DS 

14,500 

10,000 

510 

82 

8.8 

310 

M-PIT 

10,812 

-J  AAA 

7,200 

540 

121 

22 

212 

M  in 

M-1B 

o/\    ^  A.  A. ' 

30,500 

i  r"    r\  a  a 

15,000 

A       t~  A  A 

3,500 

a  r  r* 

355 

45 

760 

M-22 

83 

A  f\ 

40 

50 

56 

.0 

42 

ri— ojl 

1  RRH 
1  ,oou 

COD 

19 

9  9 

IUj 

M-33 

335 

372 

145 

73 

1.2 

46 

M-35 

35 

43 

82 

63 

1.8 

37 

H-PIT 

24,000 

16,000 

1,400 

725 

52 

470 

H-3 

10,000 

350 

550 

67 

2.3 

250 

H-ll 

2,850 

925 

1,320 

29 

4.5 

605 

H-21 

20 

53 

93 

27 

1.0 

38 

G5A 

1,400 

895 

525 

32 

4.3 

230 

G19A 

188 

162 

186 

54 

2.6 

71 

G25A 

126 

230 

94 

29 

13.3 

45 

G32 

26,250 

14,250 

2,550 

60 

3.0 

1,200 

G32A 

4,850 

1,950 

1,550 

13 

12.0 

830 

By  applying  a  least  squares  line  fit  to  the  chloride  concentration 
and  apparent  resistivity  data  plotted  on  coordinate  semi-log  graph  paper, 
correlation  coefficients  (r)  of  -.76  (Figure  9)  for  filtered  samples  and 
-.72  (Figure  10)  for  unfiltered  samples  were  obtained  (Reed,  1978).  This 
result  is  in  general  agreement  with  Cartwright  and  Sherman  (1972),  and 
signifies  that  EER  surveys  can  provide  a  reliable,  convenient  technique 
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Chloride  concentration,  mg/l 


Relationship  of  apparent  resistivity  and  filtered  chloride  concentration 
(from  Reed,  1978). 


Figure  10,  — 


Chloride  concentration,  mgfl 
Relationship  of  apparent  resistivity  and  unfiltered  chloride  concentrations 
(from  Reed,  1978). 


for  determining  the  extent  of  subsurface  oil  field  brine  migration. 
Approximate  chloride  concentrations  can  also  be  estimated  from  the 
graphed  relationship  (Figures  9  and  10),  given  EER  readings  at  other 
locations.    However,  since  the  sites  in  this  study  were  confined  to  areas 
covered  by  the  Hagarstown  or  similar  till,  additional  research  should  be 
completed  before  making  estimates  of  chloride  concentrations  in 
dissimilar  lithologies.    It  is  expected  that  further  refinement  of  this 
relationship  will  allow  chloride  concentrations  to  be  approximated  with 
an  even  greater  degree  of  accuracy  and  confidence  in  all  lithologies 
across  the  state. 

Field  Conditions 

Following  is  an  assessment  of  the  field  conditions  observed  by 
project  staff  during  the  course  of  the  study  and  a  description  of  the 
three  major  sources  of  brine  pollution  in  Illinois  oil  fields. 

Evaporation/Seepage  Pits 

Evaporation  pits  were  introduced  in  Illinois  from  the  southwestern 
oil  producing  states,  and  rely  solely  or  in  part  on  evaporation  for  the 
removal  of  water  vapor.    These  pits  are  used  as  ultimate  disposal 
facilities  or  storage  facilities  pending  underground  injection. 
However,  the  relatively  humid  climate  of  Illinois  allows  little  or  no  net 
evaporation  throughout  the  year.    Evaporation  rates  for  fresh  water 
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illustrated  in  Figure  11  would  be  significantly  lower  for  brines  due  to 
the  presence  of  dissolved  solids  and  oil  film  (Reid  et  al.,  1974).  This 
suggests  that  evaporation  pits  1n  Illinois  are  capable  of  disposing  of 
only  small  volumes  of  brine  and  are  totally  inadequate  to  handle  the 
brine  disposal  requirements  of  a  producing  well. 

The  Department  of  Mines  and  Minerals  is  currently  in  the  process  of 
phasing  out  the  old  unlined  evaporation  pits.   Also,  new  evaporation  pits 
are  currently  required  to  be  lined  with  impervious  material  (for  example, 
plastic,  concrete  or  fiberglass)  to  guard  against  subsurface  seepage  of 
brine,  whereas  clay  was  prescribed  as  the  lining  material  prior  to  1973. 
The  fact  that  these  liners  are  not  indestructable  and  do  have  a  limited 
life  expectancy  indicates  that,  although  the  possibility  of  seepage  may 
be  reduced  by  the  use  of  liners  it  is  by  no  means  eliminated. 

During  the  initial  field  investigations,  it  was  noted  that  the  fluid 
levels  in  at  least  80  percent  of  the  estimated  200  pits  inspected  were 
being  maintained  above  surrounding  ground  level.    Pits  displaying 
breached  walls  were  also  noted.    In  a  few  instances,  even  though  the  pit 
was  perilously  close  to  overflowing  or  was  in  fact  flowing  over  its 
banks,  brine  input  continued  at  a  substantial  rate,  i.e.,  5-15  gallons 
per  minute  (Plate  6). 

Other  brine  related  problems  noted  in  the  field  included  remnant 
scars  from  pits  which  had  drained  into  nearby  streams  or  across  open  land 
rendering  it  void  of  vegetation  (Plates  7  and  8).    A  few  of  the  pits 
exhibit  darkened  halos  around  their  peripheries  indicating  seepage  from 
within.    These  improperly  constructed  or  maintained  pits  allow  brines  to 
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seep  into  underlying  soils  and  eventually  migrate  into  ground  water 
reservoirs.    Once  absorbed  into  the  ground  water  system,  the  brines 
(particularly  chlorides)  can  travel  several  miles  due  to  their  resistance 
against  absorption  into  the  aquifer  material. 

Injection  Operations 

Salt  water  disposal  (SWD)  and  waterflood  wells  are  used  throughout 
the  oil  producing  portion  of  the  state.   These  types  of  disposal  and 
secondary  recovery  operations  are  gaining  greater  acceptance  from  both 
land  owners  and  well  operators.    This  growing  acceptance  is  greatly  due, 
from  the  land  owner's  standpoint,  to  the  elimination  or  reduction  in  the 
need  for  surface  pits.    With  a  waterflood  or  SWD  system,  brines  can  be 
stored  in  corrosion-resistant  holding  tanks  or  directly  injected  from  the 
brine/oil  separating  unit.    Another  advantage  of  the  waterflood  operation 
is  that  the  injected  fluid  acts  to  repressurize  and  flush  through  the 
producing  formation,  hence  increasing  the  rate  of  oil  production. 
However,  both  waterflood  and  SWD  operations  may  pose  a  threat  to  ground 
water  supplies  if  meticulous  maintenance  practices  are.  not  followed. 

Many  of  the  newer  injection  wells  utilize  a  device  referred  to  as  a 
"tubing  and  packer."   This  device  consists  of  a  small  casing  or  tubing 
which  is  inserted  into  the  main  casing  and  set  or  packed  in  place 
immediately  above  the  injection  formation.    Several  types  of  injection 
installations  are  illustrated  in  Figure  12.    In  addition  to  providing  the 
advantage  of  allowing  replacement  of  the  tubing  in  case  of  failure, 
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Figure  12. --Tubing  and  Packer  Injection  Installations 


Injection  through  tubing  also  provides  added  protection  to  resources 
outside  the  borehole  (Warner,  1977).    Although  all  of  the  tubing  and 
packer  installations  provide  this  protection  initially,  continued  use 
over  long  periods  of  time  may  result  in  corrosion  and  eventual  casing 
failure  which  can  contaminate  surrounding  ground  water.    Only  an 
injection  system. which  allows  annulus  pressure  monitoring,  such  as  one 
with  a  fluid-filled  annulus  (Figure  12-D)  provides  the  capability  of 
detecting  such  a  failure  by  indicating  change  in  annulus  fluid  pressure. 
With  this  type  of  system,  continued  weekly  monitoring  of  the  annulus 
fluid  pressure  would  reveal  a  failed  system  before  a  substantial  volume 
of  ground  water  could  be  contaminated. 

Many  of  the  disposal  wells  presently  in  use  may  be  inadequately 
designed  or  constructed  to  facilitate  the  safe  injection  of  saline 
waters.    In  the  past,  abandoned  production  wells,  subject  to  pressure 
check,  could  be  converted  to  SWD  or  waterflood  wells  without  installing 
tubing  and  packers.    Often  the  casing  in  an  old  well  has  deteriorated 
from  years  of  exposure  to  corrosive  formation  fluids.    Although  such  a 
casing  may  withstand  an  initial  pressure  check,  its  subsequent  life 
expectancy  could  be  substantially  shortened.    When  failure  does  occur,  - 
chloride  solutions  can  be  expelled  at  injection  pressure  into  the 
adiacent  strata,  as  illustrated  in  Figure  13.    Due  to  the  relatively  slow 
rate  of  migration  and  to  the  fact  that  salt  water  injection  wells  are  not 
frequently  monitored  for  unexpected  injection  pressure  changes,  large 
volumes  of  ground  water  can  be  polluted  before  casing  breaks  are 
discovered. 


42 


Abandoned  Wells 


In  old  production  areas,  abandoned  wells  may  pose  a  serious  threat  to 
ground  water  quality.    Unplugged  or  improperly  plugged  wells  provide 
possible  vertical  communication  between  saline  and  fresh  water  aquifers. 
An  increase  in  formation  pressure  due  to  secondary  recovery  operations 
can  supply  the  hydraulic  pressure  required  to  transfer  the  saline  fluids 
from  depth  to  an  elevation  adjacent  to  a  fresh  water  aquifer,  via  an 
abandoned  casing  (Figure  14).    Once  this  situation  is  established,  the 
corrosion  process  and  the  failure  of  the  casing  are  hastened. 

During  the  relatively  limited  field  reconnaissance,  a  few  unplugged, 
uncapped  and  improperly  plugged  wells  were  noted.    In  addition  to  these, 
the  records  of  the  Illinois  Department  of  Mines  and  Minerals  indicate 
that  there  are  thousands  of  plugged  wells  within  the  state.    Many  of 
these  wells  were  plugged  prior  to  the  1940's  before  plugging  records  and 
specifications  were  developed,  and  may  not  have  retained  the  integrity 
necessary  to  restrict  vertical  migration  of  highly  saline  waters. 
Ultimately,  the  migration  of  saline  waters  through  these  casings  could 
lead  to  the  degradation  of  otherwise  potable  ground  water  resources. 
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Figure  14.— Pollution  of  a  Fresh  Water  Aquifer  Through  Abandoned  Welis 
(from  Newport,  1977) 


PRELIMINARY  FINDINGS 


1.  During  field  investigations,  ground  water  contamination  at  four  study 
sites  was  found  to  be  more  extensive  than  the  damage  visible  at  the 
surface.    This  indicated  substantial  seepage  from  beneath  the  four 
brine  holding  ponds. 

2.  Analysis  of  stream  samples  obtained  at  a  study  site  in  Bond  County 
exhibited  high  chloride  concentrations.    This  was  most  likely  due  to 
highly  saline  waters  seeping  from  beneath  a  nearby  brine  holding 
pond,  into  the  aquifer  which  serves  as  a  recharge  source  for  the 
stream.    Chloride  concentrations  recorded  200  feet  downstream  from 
the  pond  (i.e,  14,500  ppm,  a  value  far  greater  than  the  maximum 
contaminant  level  of  500  ppm  set  by  the  Illinois  Pollution  Control 
Board)  were  equivalent  to  those  recorded  within  the  pond.  This 
situation  indicates  the  impact  of  improperly  handled  brines  on  water 
quality. 

3.  A  correlation  coefficient  (r)  of  -.76  was  found  between  ground  water 
quality  data  (chloride  concentrations)  and  surface  electrical  earth 
resistivity  measurements  obtained  at  each  site.    This  degree  of 
correlation  suggests  that  EER  surveys  can  be  used  as  a  valid  method 
in  studying  subsurface  migration  of  oil  field  brines. 
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4.  From  field  observations,  it  was  noted  that  a  larger  incidence  of 
brine  related  pollution  appeared  to  emanate  from  older  facilities. 
This  is  probably  due  in  part  to  advanced  stages  of  corrosion  of  well 
casings,  and  increased  brine/oil  ratios. 

5.  Talcing  into  account  the  damaging  effects  of  brine  pollution  and  the 
volume  of  salt  water  disposed  of  daily,  it  is  evident  that  strict 
enforcement  of  existing  regulatory  guidelines  for  the  disposal  of  oil 
field  brines  is  essential  for  the  protection  of  currently  utilized 
and  potential  ground  water  sources. 
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PRELIMINARY  RECOMMENDATIONS 

1.  The  Department  of  Mines  and  Minerals  and  the  Illinois  EPA  should 
investigate  a  means  to  accelerate  the  program,  initiated  in  1973,  for 
eliminating  unlined  brine  pits.   A  target  date  with  annual  goals 
should  be  established  for  phasing  out  the  estimated  4,000  remaining 
brine  pits  in  Illinois. 

2.  All  injection  wells  should  be  constructed  with  an  annulus  that  can  be 
pressure-monitored.    The  pressure  on  such  an  annulus  should  be 
monitored  weekly  to  insure  early  detection  of  any  failures  in  the 
system.    This  construction  and  recording  requirement  should  be 
considered  by  the  Illinois  EPA  in  its  review  of  the  pending  federal 
underground  injection  control  program  developed  under  provisions  of 
the  Safe  Drinking  Water  Act. 

3.  Illinois  EPA  should  continue  geophysical  and  water  quality  testing  to 
better  assess  the  surface  and  subsurface  impacts  of  brine  pollution 
across  the  state.    In  addition  to  assessing  the  extent  of  pollution, 
investigations  into  feasible  means  of  rehabilitating  chloride 
contaminated  aquifers  and  soils  should  be  made  through  proposals  for 
federal  funding  from  the  USEPA. 

4.  A  detailed  professional  legal  assessment  should  be  made  by  the 
Illinois  EPA  of  all  current  and  proposed  regulatory  programs 
pertaining  to  the  disposal  of  oil  field  brine. 
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GLOSSARY 

Annulus:   The  space  between  the  tubing  casing  and  the  long  string  or 
outside  casing. 

Anticlinal  Belt:   A  series  of  folds  in  the  underlying  geology  that  are 
convex  upward  or  had  such  an  attitude  at  some  stage  of  development. 

Apparent  Resistivity:    The  resistance  of  rock  or  sediment  to  an 

electrical  current  per  unit  volume  as  measured  by  a  series  of  current 
and  voltage  electrodes  on  the  surface  of  the  earth.  It  is  equivalent 
to  the  actual  resistivity  if  the  material  is  truly  uniform. 

Aquifer:   A  porous,  permeable,  water-bearing  geologic  body  of  rock  or 
sediment,  generally  restricted  to  materials  capable  of  yielding  an 
appreciable  amount  of  water. 

Back-filled:   The  refilling  of  an  augered  hole  with  earth  material  after 
emplacement  of  the  casing. 

Bentonite  Sealed:   The  sealing  of  the  permeable  reservoir  from  the 

back-fill  material  by  covering  the  reservoir  with  a  water  absorbing 
clay  material,  bentonite. 

Cations:    An  ion  that  bears  a  positive  charge. 

Correlation  Coefficient:    A  dependency  or  association  factor  between  two 
parameters.    Coefficients  range  from  -1  to  1  with  the  mid-point  0 
indicating  a  total  lack  of  correlation. 

Corrositiyity:    The  ability  to  deteriorate  or  destruct  substance  or 
material  by  chemical  action. 

Formation:   A  uniform  body  of  rock;  it  is  most  often  tabular  and  is 
mappable  on  the  earth's  surface  or  traceable  in  the  subsurface. 

Gamma  Log:    A  graph  of  the  natural  radioactivity  of  rocks  obtained  by 
lowering  a  gamma  ray  probe  into  a  bore  hole. 

Gamma  Ray  Probe:    (Geiger-Mueller)  A  probe  or  counter  capable  of 

measuring  the  intensity  of  radioactivity  in  the  surrounding  rock. 

Gradient:    (Hydrological)  Slope  of  the  regional  water  table. 

Gravel -Packed:    Placement  of  gravel  around  the  open  portion  of  a  casing 
to  provide  a  permeable  reservoir  for  inflowing  waters. 

Ground  Water  Pollution:    (As  defined  for  this  report.)   The  elevation  of 
cnemicai  constituent  concentrations  (primarily  chlorides)  above  those 
existing  naturally  in  the  regional  ground  water. 
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Hydrofracinq:    Process  of  increasing  the  permeability  of  rock  near  a  well 
by  pumping  in  water  and  sand  under  high  pressure. 

Hydrogeology:   The  study  of  ground  water  movements  in  the  underlying 
geology. 

Illinois  Basin:    The  structural  basin  in  southeast  central  Illinois  in 

which  the  rocks  dip  generally  toward  a  central  point. 

Interstitial :   That  which  exists  within  an  opening  of  space  in  a  rock  or 
"      soil  that  is  not  occupied  by  solid  matter. 

Leachate:   A  solution  obtained  by  leaching,  as  in  the  extraction  of 

soluble  substances  by  the  downward  percolation  of  rain  water  through 
soil  or  solid  waste. 

Litholoqies:    The  physical  characteristics  of  rocks  such  as  color, 
structures,  mineralogic  composition,  and  grain  size. 

Loess:    A  uniform,  nonlayered  deposit  of  silt,  fine  sand  and/or  clay. 

Permeable:    Having  a  texture  that  permits  water  to  move  through  it. 

Piezometer:   A  casing  providing  access  to  the  static  water  level  in  an 
aquifer,  and  through  which  ground  water  samples  may  be  extraced. 

Potential  Distribution:    The  resulting  dispersion  of  an  electrical 
current  artifically  introduced  into  the  ground. 

Reef  Deposits:    A  mound-like  or  layered  rock  structure  initially  built  by 
organisms  such  as  corals  and  subsequently  buried  by  sediment. 

Till :    Nonsorted,  nonlayered  sediment  carried  or  deposited  by  a  glacier. 

Water  Transmission  Zone:    A  zone  of  material  below  the  surface  of  the 
earth  capable  of  transmitting  water. 

Waterfloods:    The  secondary  recovery  operation  in  which  water  is 

injected  into  a  petroleum  reservoir  for  the  purpose  of  increasing  oil 
production. 
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(Q)  Illinois  Environmental  Protection  Agency 


208"  CLEAN  WATER  MANAGEMENT  PLANNING  PROGRAM 
OIL  FIELD  BRINE  DISPOSAL  PROBLEM  REPORT 

PLEASE  READ 


Because  of  reports  from  concerned  citizens  like  yourself,  the  Illinois 
Environmental  Protection  Agency  is  conducting  a  detailed  study  of  water 
pollution  problems  associated  with  oil  field  brine  disposal  in  your  area 
of  the  state. 

The  purposes  of  this  study  are  to  determine  how  existing  brine  disposal 
problems  can  be  solved  most  effectively,  and  how  we  can  better  ensure 
that  no  additional  problems  are  created  in  the  future. 

In  order  to  help  us,  please  take  a  minute  or  two  and  fill  out  the 
attached  Problem  Report.    It  asks  only  for  basic  information  to  assist  us 
in  becoming  familiar  with  problems  you  may  know  about. 

If  you  wish  to  be  kept  informed  of  the  progress  of  this  study  or  would 
like  to  talk  with  us  directly,  please  fill  in  your  name  and  address. 
THIS  PROBLEM  REPORT  IS  NOT  AN  OFFICIAL  COMPLAINT  OR  OTHER  LEGAL  DOCUMENT 
AND  CANNOT  BE  USED  IN  ENFORCEMENT  PROCEEDINGS. 

The  ILLINOIS  DEPARTMENT  OF  MINES  AND  MINERALS,  Oil  and  Gas  Division,  is 
responsible  for  investigating  public  complaints  concerning  oil  field 
brine  disposal.    If  you  wish  to  file  an  official  complaint,  you  should 
contact:    Mr.  George  Lane;  Oil  and  Gas  Division,  Illinois  Department  of 
Mines  and  Minerals,  704  Stratton  State  Office  Building,  400  South  Spring 
Street,  Springfield,  Illinois   62706,  Phone  (217)  782-7756. 

Please  return  the  completed  form  to  the  person  named  below.  Feel  free  to 
contact  him  if  you  have  any  questions  about  this  study: 

Donald  R.  Osby 

Illinois  Environmental  Protection  Agency 
Planning  and  Standards  Section 
Division  of  Water  Pollution  Control 
2200  Churchill  Road 
Springfield,  Illinois  62706 
Phone  (217)782-3362 

You  may  tear  off  this  sheet  and  keep  if  for  reference. 
Thank  you  for  your  participation. 

D0:bl/2111/8 


2200  Churchill  Road,  Springfield,  Illinois  62706 
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"208"  CLEAN  WATER  MANAGEMENT  PLANNING  PROGRAM 
OIL  FIELD  BRINE  DISPOSAL  PROBLEM  REPORT 

Date:  Meeting  Place  (Town): 


I.    GENERAL  INFORMATION 


Citizen  Name  and  Address: 


Well  Operator  or  Lessee  Name  and  Address,  if  known: 


This  individual  is:    well  operator    lessee  (check  one). 


Well  Location: 


County:    Township   (if  known) 

Range    (if  known) 

Section   (if  known) 

(If  possible,  locate  well  on  the  county  map.) 
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II.    BRINE  PROBLEM  INFORMATION 


Well  Operation: 

Is  the  well  presently  producing  oil?   Yes   No 

If  not,  how  long  has  the  well  been  out  of  production? 

Disposal  System: 

What,  type  of  brine  disposal  system  if  being  used? 

 Evaporation  ponds  Injection  wells  Other  

( specify)  

Pollution  Affects: 

What  are  the  affects  of  the  brine  pollution? 

  Damage  to  vegetation    Contamination  of  water  supply 

  Other  (specify)  


Problem: 

What  is  the  nature  of  the  problem: 

  Leaking  pond    Broken  pipe    Faulty  firewall 

 Other  (specify)  
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When  was  the  problem  first  noted? 


Has  anyone  been  notified  of  the  problem?   Yes  No 

If  so,  whom  and  when?  


Have  any  actions  been  taken?   Yes   No 

If  so,  by  whom  and  what  actions?   
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APPENDIX  B 

Selected  Samples  of 
Previously  Completed  E.E.R.  Studies 
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ILLINOIS  STATE  GEOLOGICAL  SURVEY 


Jack  A.  Simon,  chikp 

September  2,  1977 


A  RECONNAISSANCE  ELECmtCAL  EARTH  RESISTIVITY  SURVEY  AT  A  BRINE  DISPOSAL  PIT  IN 
SECTION  31,  T.  4  N.,  R.  2  W.,  BOND  COUNTY,  ILLINOIS 

By 

Keros  Cartwright,  Geologist  and  Head 
Philip  c.  Reed,  Assistant  Geologist 
Hydrcg-eology  and  Geophysics  Section 

Introduction 

~«/e  the,request  of  Mr.  George  R.  Lane,  Department  of  Mines  and  Minerals 
State  Office  Building,  Springfield,  Illinois,  62706,  a  reconnaissance  Electrical' 
earth  resistivity  survey  was  made  on  August  16,  1977,  within  and  adjoining  the 
Dwight  Follett  lease,  Beaver  Creek  Field,  in  the  NWfc  Section  31,  T.  4  N.    R.  2  W 
Bond  County.    We  were  assisted  in  the  fieldy  by  Mr.  Leonard  Strum  from  the 
Departmentof  Mines  and  Minerals.    The  purpose  of  the  study  is  to  determine  if  the 
brine  in  the  pit  or.  the  lease  is  leaking  to  the  ground-water  reservoir  and,  if  it  is 
leaking,  to  determine  the  distribution  of  the  salt  water  wedge.  . 

Hydrogeolofllc  Setting 

TlUnnf,  m!  b!ii?C  llt  lS  IOCated  ln  *  re8lon  of  8ently  doping  terrain  of  the 
of  on  "  f    }  PlaJn  bCtre?  C"fttville  a«d  Carlyle,  Illinois,     rhere  are  a  number 
of  oil  well  logs  from  the  immediate  area  in  the  Geological  Survey  files,  including 

Unfortunately,  the  description  of  the  surficlal  material  is  very  poor  and  often 
con  radictory      rhe  logs  do  suggest  the  presence  of  a  sandy  or  gravelly  eone  at  10 
.^i^2l^S:f---    ™°  interpretation  is  consistent  wither  reg^l 

south.     »e^^  »^  ru^t^iU11::  S.^ 

I1?"!  0f;  J"1?  b,eln8  ^rrUd  for  sand  and  gravel  Just  south  of  the  brine  pit 
«rou^\hf  w  f         »^e«town  sequence.    On  lower  flat  ground  such  as  that  found 
around  the  brine  pit.  the  Hagerstown  is  quite  thin  and  found  at  depths  of  10  to20 
feet      ft.  clayey  Vandalla  till  underlies  the  Hagerstown;  overlying  the  Hagerstown 
Lb  b  sequence  of  gleys  and  silts  (loesses).    Generally,  the  Hagerstown  and  ov^rJylL 

To^Titl  "n,rf  r8°ne  86V?fal  epl80de8  °f  8011  *en"18'  *******  wUh  the     "  ^ 
formation  of  the  Sangamon  soil,  continuing  through  two  or  more  periods  of  soil  genest 
durlnn ;  the  Wisconsinan  and  culminating  with  the  modern  soil  formation!    The       8  1 

reia^v™  l^LTuT"  Mndy  80neS  afl8°Clated  »Uh  the  —lying  loesses  are 
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A  generalised  observation  of  the  hydrogeology  can  be  made  from  analysis 
of  the  topography  of  the  area  near  the  brine  pit.    Our  observations  of  the  topography 
indicate  that  if  any  brine  is  entering  the  ground  water  it  would  flow  north  or  north* 
northwest  to  the  small,  unnamed  stream  (a  tributary  to  Beaver  Creek)  which  flows 
^cror.s  the  northwest  corner  of  Section  31.    Discharge  of  ground  water  would  occur 
along  the  creek  and  possibly  in  the  small  drainage  swale  which  transversa,  in  a 
northeasterly  direction,  the  property  just  north  of  the  pit. 

Resistivity  Survey 

The  electrical  earth  resistivity  survey  is  based  on  the  principle  that 
uncontaminated,  compact  glacial  till,  clay-alluvium  and  shale  present  more  resistance 
to  the  passage  of  an  electrical  cuirent  than  do  sand  and  gravel,  or  6andstone  and 
limestone  of  the  bedrock.    However,  resistance  to  the  passage  of  electricity  through 
earth  materials  is  a  property  of  both  the  rock  type  arid  the  water  contained  in  its 
pores.    Electrical  current  introduced  in  earth  mate rid  containing  water  with  high 
concentration  of  soluble  salts  will  have  a  greatly  reduced  electrical  resistance, 
flits  relationship  has  been  demonstrated  in  numerous  published  papers;  it  has  also 
been  demonstrated  that  electrical  earth  resistivity  surveying  can  be  used  to  map 
contaminated  ground  water  (see  enclosure). 

Results 

During  the  i;urvc>  of  the  pit  area,  wc  made  23  electrical  depth  Rounding 
profiles.     [he  accompanying  map,  modified  from  the  one  made  by  Clifford  H.  Simonson 
for  Mr.  Arnold  R.  Edwards,  shows  the  approximate  location  of  the  resistivity 
soundings.    Also  enclosed  are  copies  of  all  the  depth  soundings;  no  profile  could  be 
obtained  at  station  no.  14  because  surface  conductance  prevented  penetration  of  the 
electrical  field  into  the  ground.     In  normal,  uncontaminated,  uniform  materials  the 
"a M  spacing  (taken  from  the  geometry  of  the  Wcnncr  electrode  configuration  we  used) 
is  approximately  equal  to  the  depth  of  penetration  of  the  electrical  field.  However, 
a  very  conductive  layer  (very  low  resistivity)  such  as  a  salt  water  zone,  will 
dlsturbe  the  electrical  field,  reducing  the  depth  of  penetration. 

We  drew  slice  maps  for  all  "a"  spacing  from  10  to  50  feet.    All  show  the 
-  \e  relationship;  a  region  of  greatly  depressed  apparent  resistivity  extending 
northwestward  from  the  pit  to  the  stream.    This  region  of  depressed  resistivity  is 
showa  on  the  accompanying  map.    Resistivity  stations  showing  normal  profiles  are 
numbers  1,  10,  11,  12,  13,  17,  19  and  23.    Station  numbers  3,  4,  5,  6,  14,  15,  20 
and  71  are  strongly  effected  by  highly  conductive  material.    Station  numbers  2,  7, 
8,  9,  16,  18  and  22  are  intermediate. 

IWo  characteristics  of  the  depth  sounding  profile  taken  in  the  strongly 
effected  area  are  apparent.    The  first  type,  best  shown  at  station  no.  15,  shows  a 
decline  in  resistivity  values  from  the  initial  reading  at  a  ■  10  feet.    This  suggests 
that  the  surface  soils  do  not  have  significant  accumulations  of  electrolites. 
Stations  showing  this  characteristic,  numbers  3,  4,  5,  6,  9  and  15,  are  all  in  soil 
with  good  crop  vegetative  cover  (except  number  15  which  is  a  grassy  part  of  the 
fallow  field) • 
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the  second  type  of  depth  sounding  profile  Is  illustrated  at  station  no.  14 
where  no  reading  could  be  obtained  because  of  the  accumulation  of  electrolites  at 
the  surface.    Several  attempts  were  made  to  obtain  depth  sounding  in  the  unvegetated 
area  between  stations  14  and  16,  but  none  could  be  obtained.    Station  no.  16  shows 
a  similar  low  surface  resistivity  but  the  decrease  is  much  less  severe. 

Discussion 

'Che  electrical  earth  resistivity  data  appears  to  verify  the  hydrogeologic 
evaluation  based  on  topographic  analysis  and  the  regional  geologic  interpretations. 
frl9  data  shows  that  an  electrolite,  almost  certainly  salt  water  brine  from  the  pit, 
is  entering  the  ground -water  system  and  moving  northwestward  toward  the  small  creek . 
The  brine  would  move  downward  from  the  pit  and  then  laterally  in  the  permeable 
Hn^ers town  beds.     Hits  is  consistent  with  our  interpretation  of  the  resistivity 
data  illustrated  by  the  type  of  depth  sounding  profile  at  station  no.  15,  etc.  In 
the  lower  unvegetated  areas  along  the  drainage  swale  and  at  the  creek  there  would 
be  an  upward  ground -water  gradient  bringing  salts  to  the  surface,     llils  interpretation 
is  supported  by  the  electrical  earth  resistivity  data  around  stations  14  to  16. 

To  travel  from  the  pit  to  the  creek,  a  distance  of  approximately  1500  feet, 
in  35  years, the  water  would  have  to  be  moving  in  a  zone  more  permeable  than  normal 
clayey  till.     The  sandy  linger:; town  beds  could  provide  nueh  a  zone  of  ground-water 
movement. 

In  summary,  the  electrical  earth  resistivity  survey  strongly  suggests 
the  presence  of  a  wedge  of  salt  water  extending  from  the  brine  pit  on  the  Follett 
lease  northwest  to  the  creek  where  the  vegetation  kill  has  occurred.    This  is 
consistent  with  the  geology  of  the  area  and  the  generalized  interpretation  of  the 
hydrogeology  based  on  observations  of  the  topographic  relationships. 
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Soil  Sampling  Site 
,    with  Number 
(After  Simonson,  1977) 


Resistivity  Station 
with  Number 
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A  RECONNAISSANCE  ELECTRICAL  EARTH  RESISTIVITY  SURVEY  ON  THE  CHARLES  VONDER  HAAR 
FARM,  SECTIONS  8  AND  17,  T.  3  N. ,  R.  2  W.,  CLINTON  COUNTY,  ILLINOIS 

By 

Philip  C.  Reea,  Assistant  Geologist 
Keros  Cartwright,  Geologist  and  Head 
Hydrogeology  and  Geophysics  Section 

At  . the  request  of  Mr.  George  R.  Lane,  Department  of  Mines  and  Minerals, 
State  Office  Building,  Springfield,  Illinois,  62706,  a  reconnaissance  electrical 
earth  resistivity  survey  was  made  on  November  3,  1977,  on  the  Charles  Vonder  Haar 
Dairy  Farm  situated  .near  the  Keyesport  Oil  Field  in  the  Stik  Section  8  and  the"  NEfc 
Section  17,  T.  3  N. ,  R.  2  W.,  Clinton  County,  Illinois.    Assisting  in  the  field 
work  were  Mr.  Leonard  Sturm,  312  West- Commerce,  Grayville,  Illinois,  62844,  from 
the  Department  of  Mines  and  Minerals  and  Mr.  Charles  Vonder  Haar,  R.  R.  #1,  Carlyle, 
Illinois,  62231.    A  separate  request-by  Mr.  Charles  E.  Fisher,  Jr.,  Oil  Producer, 
Box  369,  Mt.  Carmel,  Illinois,  62836,  was  received  on  November  14,  1977.  Informa- 
tion on  the  location  of  abandoned  oil  wells  and  oil  tests,  producing  and  injection 
wells,  and  cultural  features  at  and  near  the' farm  was  furnished  by' Mr.  Fisher.  The 
purpose  of  the  study  was  to  determine  the  distribution  of  the  salt  water  within 
the  ground-water  reservoir  or  aquifer  utilized  at  the  farm  for  water  supply  and 
if  possible,  to  determine  the  origin  of  the  salty  water  so  that  the  water  quality 
in  the  aquifer  can  be  restored  to  the  original  condition.     During  the  study,  par- 
ticular emphasis  was  made  to  resolve  the  question  of  whether  the  presence  of  salty 
water  in  the  Vonder  Haar  farm  well  is  related  to  disposal  of  brines  by  reinjection 
into  the  oil  producing  horizon. 

Hydrogeologic  Setting 

The  Vonder  Haar  farm  is  located  at  the  northernmost  part  of  the  Keyesport 
Oil  Field  in  a  region  of  kame  and  esker-like  hills  on  the  Illinoian  till  plain 
west  of  the  Carlyle  Reservoir.    A  hill  immediately  south  of  the  farm  residence  has 
about  20  feet  of  relief,  while  one  mile. to  the  north*  another  hill  rises' about  50 
feet  above  the  till  plain.    Well  logs  from  the* Geological  Survey  files  in  the  study 
area  attached  with  this  report  give  data  on  the  earth  materials  in  Sections  7,  8, 
16,   17  and  18,  T.  3  N.,  R.  2  W,     The  logs  indicate  that  20  to  60  feet  of  unconsoli- 
dated materials,  primarily  of  glacial  origin,  overlie  the  Pennsylvanian-age  bedrock. - 
The  bedrock  consists  of  relatively  impermeable  shale  and  limestone  with  minor  beds 
of  sandstone  and  coal. 

At  the  Vonder  Haar  farm,  driller fs  logs  and  natural  gamma  logs  (enclosed) 
run  by  the  Geological  Survey  indicate  that  the  glacial  drift  thickness  is  about  28 
feet,  consisting  of  about  6  to  18  feet  of  silty  sandy  clay  which  in  turn  is  underlain 
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by  as  much  as  14  feet  of  gravelly  sand  lying  directly  on  the  bedrock.    Two  large 
diameter  water  wells  tapping  the  gravelly  sand  are  utilized .  for  supply  on  the  farm. 
Well  no.  1,  completed  in  1969,  is  situated  about  400  feet*  north  of  the  residence 
and  well  no.  2,  completed  in  1976,  is  located  about  300  feet  east  of  the  residence. 
A  large  diameter '.well  reported  to  be  14  feet  deep  is  immediately  west  of  well  no.  1. 
On  the  hill  immediately  south  of  the  farm  in  the  Keyesport  Oil  Field  in  Section  17, 
T.  3  N. ,  R.  2  W.,  the  drift  section  reportedly  consists  of  about  55  feet  of  clay  and 
.  gravel".    Regional  stratigraphic  studies  by  the  Survey  in  the  Carlyle  area'  indicate 
that  these  glacial  materials  ■  are  associated  with  the  Hagers town  Member  of "  the 
Glasford  Formation*  of  Illinoian  age.'  Hills  mined  for  sand  and  gravel  two  miles 
north  of  the  Vonder  Haar  farm  are  part  of  the  Hagers  town  Member.  * 

The  deposits  of  significance  in  this  study  are  the  permeable  sand  and  gravel 
beds  above  the  bedrock  which  form. the /ground-water  reservoir ;at  relatively  shallow 
depths.     These  beds  are. subject  to  contamination  while  sources  of  pollution  are 
available.    Water  entering  the  ground-water  reservoir  from  rainfall; will  move  from 
higher  to  lower  elevations  and  eventually  discharge  into  Allen  Branch  to  the  east 
or  move  westward  toward  the  unnamed  drainageway  in  Section  8.    Similarly,  oil  field 
brines  entering  the  ground-water  reservoir  from  holding  ponds  would  move  outward 
from  the  upland  areas  into  the  lowland  in  the  vicinity  of  the  farm. 

Resistivity  Survey 

The  electrical  earth  resistivity  survey  is  based  on  the  principle  that 
uncontaminated,  compact  glacial  till,  alluvial  clay  and  shale  present  more  resis- 
tance to  the  passage  of  electrical  current  than  do  sand  and  gravel,  or  sandstone 
and  limestone  of  the  bedrock.    The  passage  of  electrical  current  through  earth 
materials  is  a  property  of  the  rock  type  and  the  water  contained  in  rocks.  Electric 
current  introduced  in  earth  materials  containing  water  with  a  high  concentration  of 
soluble  salts  will  have  greatly  reduced  electrical  resistance.     This  relationship 
has  appeared  in  many  published  studies  and  has  been  used  in  electrical  earth  resis- 
tivity surveying  to  map  contaminated  ground  water  (see  Illinois  State  Geological 
Survey  Reprint  1972-D  entitled  Electrical  Earth  Resistivity  Surveying  in  Landfill 
Investigations). 

Collection  of  Field  Data 

During  the  study  on  the  Vonder  Haar  farm,  electrical  depth  sounding  pro- 
files were  made. at  29  resistivity  stations  using  the  Wenner  electrode  configuration. 
The  locations  of  the  resistivity  stations  are  shown  on  an  enlarged  section  of  the 
Keyesport  Quadrangle  Topographic  Map  7. 5-minute  series  modified  in  part  to  conform 
to  information  supplied  by  Mr.  Charles  E.  Fisher,  Jr.    Profiles  of  the  depth 
soundings  of  each  resistivi ty  station  are  attached  with  this  report.'    In  normal 
uncontamiiiated,  uniform  materials  the*  "a"  spacing  of  the  Wenner  configuration  is 
approximately  equal  to  the  depth  of  penetration  of  the  electrical  field.  However, 
if  a  very  conductive  (low  resistance)  layer  such  as  a  salt  water  zone  is  present, 
-the  electrical  field  will  be  somewhat  distorted  reducing  the  depth  of  penetration. 

Iso-resistivity  contour  maps  showing  apparent  resistivity,  were  constructed 
for  "a"  spacing  depths  of  5,   10,  20  and  30  feet.     These  maps  indicate  a  region  of 
greatly  depressed  apparent  resistivity  surrounding  the  north  part  of  the  Keyesport 
Oil  Field  extending  outward  into  the  Vonder  Haar  farm.     The  contour  map  for  the 
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20-foot  "a"  spacing  is  included  with  the  modified  quadrangle  map  of  this  report. 
Station  nos.  1,  2,  3,  10,  14,  15,  16,  18,  19,  26  and  27  are  affected  by  highly 
conductive  materials,  presumably  saltier  water.    These  stations  are  in  contrast  to 
station ^nos.  7,  17,  21,  22.  and  .23  where  readings  are  near  normal  due  to  little  or 
no  accumulation  of  electrolites  in  the  earth  materials.    The  relationship  between 
the  apparent  resistance  of  the  aquifer  materials  and  their .  contained  water  near 
the  pumped  wells  on  the  Vonder  Haar  farm  is  given  below  using  Illinois  State  Water 
Survey  water  analyses  (enclosed) 'from  wells  1  and  2  and  a  well  of  similar  depth 
on  the  Olsen  farm  (obtained  in  1970).  about  one  mile  north  from  the  contaminated 
area. 


Apparent  Resistivity  Chloride 

(ohm  meters)  Concentration 

20-foot  "a"  spacing  (CI) 

Well.fl                           .15  1060 

Well  #2                            20  150 

Olsen  Well                        25  (estimated)  64 


These  data  demonstrate  the  relationship  between  the  apparent  resistivity  and 
chloride  ion  concentrations  present  in  the  drift  aquifer.    As  the  chloride  concen- 
tration diminishes  the  apparent  resistivity  increases  due  to  the  lower  concentration 
of  soluble  salts. 

Conclusion 

The  electrical  earth  resistivity  ..survey  data  are  in  agreement  with  the 
hydrogeologic  evaluation  in  the  study  area* based  on  the  topographic  analysis  of 
the  regional  and  on  site  geologic  interpretation.    Information  collected  during  the 
study  shows  the  presence  of  a  circular  wedge  of  salt  water  around  the  abandoned 
brine  holding  ponds  extending  from  the  ponds  along  the  north  perimeter  of  the 
Keyesport  Oil  Field  into  the  Charles  Vonder  Haar  farm  lot  area.    There  are  no  data 
which  show  conclusively  whether  the  reinject  ion  of  produced  brine  is  or  is  not 
related  to  the  water  quality  problem  on  the  farm. 

The  presence  of  poor  quality  water  on  the  Vonder  Haar  farm  may  have 
resulted  for  one  or  more  of  several  possible  explanations.     They  are  listed  below 
in  the  order  from  those  we  think  most  likely  to  those  least  likely: 

(1)  The  data  from  the  resistivity  survey  clearly  show  that  the  abandoned 
brine  holding  ponds  leaked  salt  water  to  the  shallow  aquifer  and  spread  outward. 
The  two  wells  on  the  Vonder  Haar  farm  are  within  the  region  of  depressed  electrical 
earth  resistivity  values.     There  was  sufficient  time  for  the  salt  water  to  spread 
from  the  ponds  to  the  Vonder  Haar  farm  during  their  long  period  of  use.  Abandon-, 
ment  of  the  ponds  will  allow  the  quality  of  water  in  the  aquifer  to  slowly  recover; 
meanwhile,  the  salt  water  already  in  the  aquifer  will  continue  to  spread  and  con- 
tinue to  be  diluted' by  rainfall. 

(2)  The  Vonder  Haar  wells  are  in  or  very  near  the  animal  lot.  The 
presence  of  cattle  is    commonly  associated  with  high  chloride  water  which  originates 
in  the  animal  waste.     The  large  diameter  dug  or  bored  wells  are  particularly  vul- 
nerable to  nearby  surface  sources  of  pollution.    These  wells,  especially  the  old 
dug  ones,  are  difficult  to  seal.     In  addition,  the  thin,  surficial  loess  affords 
only  moderate  protection  of  the  aquifer.     The  shape  of  the  15  ohc-meter  line  is 
similar  to  the  outline  of  the  animal  lot. 
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(3)  Repressuring  the  production  by  reinjection  of  the  produced  brine 
may  force  salt  "water  up  an  unplugged  abandoned  well.    According  to  Mr.  Fisher, 

three 'wells  were  originally  drilled,  on.  the  VonderHaar  farm;  two  were  dry  and  plugged, 
a  third  located  in  or  near  the  farm. lot  produced  oil  but  was  reported  abandoned  and 
plugged* in  October 1953.    According  to  Mr.  Fisher,  the' farmer  on  the  property 
several  years  ago  took' out  or' broke  off  the  surf ace  casing.    The  Survey  has  no 
.other  records  of  deep  wells  drilled  on  the  property.    However,  if  there  are  unknown 
wells  with  broken  seals,  water 'could  leak  upward  producing  a  low  resistivity  ring 
around  the' leaking  well.    No  rings  were  observed  with  the  station  spacing  that  was 
used.    A  small  bulge  in  the  coutour  interval  is  present  northeast  of  the  farm  log 
and  the  abandoned'  well,  .but  there  is  no  indication  that  this  bulge  is  the  result 
of  leakage  from  an  abandoned  oil  well: 

(4)  The  combination  of  leakage  in  one  or  more  of  the  wells  in  the  oil 
field  to  the' south,  and/or  the  pumpage  of  the  farm  wells  may  increase  the  rate  of 
salt  water  migration,  thus  causing  water  quality  in  the  farm  wells  .to  deteriorate 
more  rapidly. 

In  summary,  the  most  likely  source  of  salt  water  in  the  well,  on  the  vonder 
Haar  farm  is  water  migrating  from  the  old  brine  holding  ponds  abandoned  over  two 
years  ago.    'The' problem  may  also- be.  aggravated' by  waste  products'f  rom  .animals  on 
the  property,  possible  leakage  from'  abandoned  weils  with  broken  seals  or  unknown 
and  unplugged  wells,  or  by.  injection  in  and/or  pumping  of  existing  wells. 
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A   RECONNAISSANCE   ELECTRICAL  EARTH  RESISTIVITY  SURVEY 
ON  7  HE  CHARLES  VONDER  HAAR  DAIRY  FARM 
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A  RECONNAISSANCE  ELECTRICAL  EARTH  RESISTIVITY.  SURVEY  AT  THE- 
COUNTRY  TRAILS  SUBDIVISION  .'f  1, :  SECTION *34, :  T.  15  N. ,  R.  4  W.  , 

SANGAMON  COUNTY,  ILLINOIS 


By. 


Philip.C.  Reed,  Assistant  Geplogist 
Hydrogeology  and  Geophysics . Section 


Introduction 


Street-    T^i. th%-feqU^S?.0f         Murrav  Williams,  Greene  and  Meador,  ,202.  West  Park 
^II  IIao    I  J?1?*'  Illinois»  •  $2568>  a  trief  electrical  earth  resistivity  survey 
1977      Th 3t  the  Coun^  Tra*ls  Subdivision  owned  by  Mr.  Bud  Hunter  on  August  To* 
vedl;  aftheUs^-  °       *  Was  to  determine  the  distribution  of  a  salt  water 

edgfof  tn"e  ^XJXOU'         f  andoned'br^  Pit  located  adjacent  to  the  eastern 
drSied  on  lltk 'S^^n  U8e'-  Four  lar8e  diameter  water. wells 

rl^ti      *       Sn  *        1  were  reported . to . have  chloride  .  concentrations 

ranging  from  250  to  over  33, 000  mg/1  (milligrams  per  liter) . 

Hydrogeologic • Setting 

Mver  ValW  54^!lsw  ^!  situated"  in  the  upland  and  lowland  areas  of  the  Sangamon 
TZ  I  Valfeyj540  to  585  feet  above  mean  sea  level  near  an  active  oil  field  The 

?Zs?i?^ T1"11318  (8lrial  ■ dr±f  ^  °f  Illin°ian  W         W  the  beLcfof 
Si  ^  C°SS1St  °f  3  P£bbly  clay  Serial,  called  till,  with  some  thin 

m  J£ tln"OUSJbeds  of  sand  and  gravel.    Most.of  the  wells  in  the  area"  are  large 
iLunVTo^0"?  Vells°^'  to  the  drift  that  produce  only  small  and  often  seasonal 

6r        *  C,°ntaCt  b6tWeen  the  8laCial  drift  md  the  ^erlying  bedrock 
io*  no    ?    J  3    T  of,Slacial  Moulders  along  the  road  near  the  western  margin  of 
xo,  no.   1  at  an  elevation  of  approximately  545  feef  above  mean  sea  level.     The  bed- 
-nr.;rnSiStS':?riffiarily  °f  Shale  with.some  thin,  discontinuous  beds  of  limestone 
^0  -I!"    T'  *0t  ?enerally  considered  an  aquifer  in  this  area.    Below"  a  depth  of 
^uu  xeet  water  from  the"  bedrock  may  become  too  mineralized  for  most  uses". 

Resistivity  Survey 

„„,„„.     .  ^e/^ctrical  earth  resistivity  survey  .is  based  on  the  principal  that 
To  the  T.lt      '  ^omPact  glacial  till,  clay-alluvium  and  shale  present  less  resistance 
to  the  passage  of  an  electrical  current  than  do  sand  and  gravel  or  sandstone  or 
limestone  of  tne  bedrock.    Electrical  current  introduced  in  earth  materials  with 
•  igh  Ec.Gium  chloride  concentrations  will  have  a  greatly  reduced  resistance.  The 
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the°S"evnS  S  ^S  the  locatifaof  the  21..stationS  occupied  during  the  course  of 
ground!^  stations  are  marked  with  numbered  wooden  stakes  driven'  in  the 


Conclusion 


survey  in  22t±SS  demonstrated  the  usefulness  of  an  electrical  earth  resistivity 
survey  in^ describing  oil  field  contamination  due  to  salty  water.  .  The  outline  of  a 
a^^esi::-8^^ *T sho-->y  the  hachured^attern  on  .  the  ^  Tnis 
£om  tL  Zrll  J ^  y  co"elfte\^H  with  the'  reported  chloride  concentrations 
sStv  watir  fw  T    J  I    ^  ln  the  ^udy  area  and  depicts  the  movement  of  the 
saity  water  above  the  bedrock  ,  toward  . the  lowiand. 

in  coniuncSn^W>.fr0m  ?riUers *  lo8s  supplied  by  Reynold  Well  Drilling,  Inc., 
laree  Seter  8?*°8"  setting,  suggests  that  yields  from -individual 

suWivisW  ™L  S  Structe?  in  the  ^ift  materials  above  the  bedrock  at  the 

a  sWt  y,  tU  ^reatly  seasonally  and  that  wells  of  this  type  are  only 

^r^^if  f  ?n  !°  ^  Water  SUpply  Problem  present  at  the  subdivision.  A 
materil^f  i  ^  source  of "  ground  water  may  be  present  in  the  alluvial 

th^Iubdivifiin!  Sangamon  River  valley .  possibly  within  the  limits  of 

cutr^oc    D^iller's  ^fs  of  formation  changes  in  color    and  texture  and  sample 

Surav  for  1?* at  reSular  five-foot  intervals  should  be  sent  to  the  State  Geological 

freT of  ILll*  y         lnterpretation.    Sample  sacks  and  log  books  will  be  furnished 
rree  of  charge  upon  request. 

to  the •  «5i-^yrfUitUr®  corresP°ndence:  referring  to -this  report  should  be  addressed 
to  the  State  Geological  Survey,  Urbana,  Illinois,  61801. 
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AN  ELECTRICAL  EARTH  RESISTIVITY  SURVEY  ON  AN  OIL  LEASE  OP 
BERNARD  PODOLSKY ,  WHITE  COUNTY,  ILLINOIS 

By 

Philip  C.  Reed,  Assistant  Geologist 
Hydrogeology  and  Geophysics  Section 

At  the  request  of  Mr*  Bernard  Podolsky,  ?.  O.  Box  278 ,  Pair  field, 
Illinois,  62837,  an  electrical  earth  resistivity  survey  was  conducted  on  an  oil 
lease  located  in  the  Wfc  of  Section  27,  I.  3  SM  R.  9  EM  White  County,  on  June  18 
and  26,  1975.    The  purpose  of  the  survey  was  to  better  define  the  source  and 
occurrence  of  the  contamination  of  the  earth  materials  by  salt  water  at  the  lease 
so  that  the  land  could  be  returned  to  its  original  state. 


The  Problem 


The  problem  that  exists  at  the  oil  lease  in  Section  27,  T.  3  S.,  R.  9  E., 
is  the  contamination  of  the  earth  materials  by  oil  field  brines  associated  with  oil 
production.     Injection  of  the  brines  in  the  vicinity  of  the  abandoned  oil  well  and 
the  spilling  of  the  brines  in  waterways  near  the  abandoned  oil  well  from  pre- 
existing storage  pits  have  contaminated  the  area  around  parts  of  the  lease.  The 
principal  storage  pit,  which  was  filled  in  last  rail,  was  located  southwest  of  the 
abandoned  well  shown  on  the  enclosed  sketch  map.    Vegetation  will  not  grow  in  areas 
around  the  pits  and  in  drainageways  where  the  salt  concentration  is  too  high. 


Geological  Situation 

The  oil  lease  is  situated  in  the  upland  area  tight  irllas  northwest  from 
the  confluence  of  the  Skillet  Fori:  and  the  Little  Wabash  Slyer  within  the  Golden 
£ate  Consolidated  oil  field.    Wells  in  this  part  of  the  field  generally  produce 
from  Missiscippian  sands  and  limestones  in  the  depth  range  of  3000  to  3500  feet. 
The  drift  materials  overlying  bedrock  of  Penncylvanian  age  range  in  thickness  from 
about  10-25  feet  and  consist  primarily  of  Illinoiau-cge  till.    The  best  exposures 
-present  in  the  request  area  are  at  the  salt  spring  and  pond.    Here,  rubble  o£  silt- 
stone  and  sandstone  of  Penney Iranian  bedrock,  litter  the  pebbly  clay  walls' of  the 
pond.     Silt  pockets  appear  to  be  present  within  the  pebbly  clay  glacial  materials 
higher  in  the  section,  especially  where  a  water  line  crosses  the  road  and  enters 
the  pond  from  the  tank  battery.    The  pebbly  clay  till  is  overlain  by  as  much  as 
two  feet  of  loessial  silt  in  the  upland  of  the  study  area. 
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The  physical  features*  which  are  shown  on  the  sketch  map,  of  the  study 
area  are:    1)  the  abandoned  McClosky  oil  vell9  Moses  and  Stewart  #1  constructed 
vith  45  feet  of  surface  casing  in  1952  2  2)  a  salt  water  Injection  veil  completed 
to  a  depth  of  950  feet;  3)  a  tank  battery  consisting  of  three  210  barrel  tanks 
and  an  oil-water  separation  unit;  4)  a  house  owned  by  George  Laxaont;  and  5)  a 
brine-evaporation  pit  recently  filled  and  leveled  to  conform  with  the  original 
land  surface* 

Hydro&eologic  Features 

The  hydrogeologlc  features  within  the  study  area,  which  are  shown  on 
the  sketch  map,  are:    1)  a  pond  and  a  salt  spring  northwest  of  the  Lament  house; 
2)  a  pond  east  of  the  house;  3)  a  cistern  about  8.5  feet  deep  on  the  north  side 
of  the  house;  4)  a  network  of  ditches  trending  north,  west  and  east,  and  generally 
away  from  the  upland  area  where  the  abandoned  oil  well  and  injection  well  are 
situated;  and  5)  an  area  without  vegetation  covered  in  part  with  what  appears  to 
be  white  salt  crystals* 

Resistivity  Survey 

The  electrical  ecrch  resistivity  survey  is  based  on  the  principle  than 
uncontaninated,  compact  social  till,  alluvium  and  shale  present  less  resistance 
to  the  passage  of  an  electric  current  than  do  uncentaminatcd  sand  and  gravel  or 
Bands tone  or  limestone  of  the  bedrock.    Electrical  current  introduced  in  earth  m 
materials  with  high  chloride  ion  concentrations  in  the  water  will  greatly  reduce 
the  resistance  so  that  the  instrumentation  or  a  resistivity  survey  frequently  will 
not  detect  any  reading  at  all.    As  the  chloride  ion  concentration*  are  reduced  in 
the  enrth  materials,  the  instrumentation  becomes  core  sensitive,  measuring  progressively 
higher  levels  of  resistance  as  the  contamination  or  chloride*  ion  concentration 
decreases.    The  accompanying  sketch  map  shows  the  approximate  location  of  the  28 
stations  occupied  in  the  course  of  the  survey.    All  stations  are  marked  by  numbered 
wooden  stakes  driven  into  the  ground 

Cone  lusion 

The  maps  shoving  isoresistivity  valuer  of  15  and  20  ohrj-meters  at  depths 
10,  20  and  30  feet  below  land  curface,  depict  the  affect  of  the  oil  field  wastes 
and  their  movement  and  dilution  due  to  rainfall  outward  froea  the  primary  area  of 
contamination  near  the  covered  disposal  pit,  the  brine  injection  well,  and  abandoned 
oil  well.    The  resistivity  readings  correlate  with  the  enclosed  water  analyses  made 
from  wafer  collected  during  the  course  of  work  at  the  request  area. 

This  study  demonstrated  the  usefulness  of  an  electrical  earth  resistivity 
survey  in  describing  oil  field  contamination  due  to  salty  water.    2te  point  source 
was  found;  however,  the  general  outline  of  the  contaminated  area  was  established. 
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APPENDIX  C 

Christian  County 
E.E.R.  and  Water  Table  Maps 
Lithologic  and  Gamma  Ray  Logs 
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Christian  County  Holding  Pond  Study  Site 
Land  Owner:    Mr.  J.  David  Myers 
Operator:    Mr.  E.  H.  Kaufman 

Pond  Size:    aO'xlOO1.    Date  Constructed:  1954? 

Present  Salt  Water  Input:    None  (Reportedly  as  much  as  100  bbls/day  prior  to  1977) 
Geologic  Setting 

The  Christian  County  study  site  is  located  on  an  Illinoian  till  plain 
in  Section  20,  T.  13  N. ,  R.  11  E.,.  within  the  Assumption  Consolidated  Oil  Field. 
The  land  elevation  is  estimated  to  be  between  615-620  feet  above  mean  sea  level. 
Drainage  is  locally  toward  a  swale  north  of  the  pit  but  generally  southeastward 
toward  a  tributary  of  Oak  Branch  Creek.     The  unconsolidated  Illinoian  glacial  drift 
and  the  more  recent  deposits  of  loess  consist  of  sand,  silt  and  glacial  till  about 
80  feet  thick  and  form  a  broad,  flat  plain  in  this  area.     Beneath  these  deposits  is 
bedrock  of  Pennsylvanian  age. 

Hydrogeology 

The  surficial  material  at  the  site  consists  of  about  5  feet  of  loessial 
silt  and  sand  which  forms  part  of  the  soil  in  this  region.     Bleached  silt,  sand 
and  clay  till  form  part  of  the  surface  spoil  materials  around  the  unvegetated  areas 
of  the  pit.     Beneath  the  loess  is  about  15  feet  of  silt  and  very  fine  to  fine- 
grained sand  of  the  Hagarstown  Member  of  the  Illinoian  Glasford  Forma tion.  Below 
the  Hagarstown,  in  decending  order,  are  the  Radnor  and  Smithboro  Members  of  the 
Glasford  Formation.     The  units  consist  of  compacted  sandy  till  and  compacted  clay 
till  and  probably  extend  to  the  underlying  Bond  Formation  of  Pennsylvanian  age. 

The  silt  and  sand  of  the  Hagarstown  Member  are  the  principal  source  of 
ground  water  in  the  area  and  are  less  compact  than  the  underlying  till  of  the 
Radnor  Member  (see  compressive  strength  measurements). 

Hydrology 

Water  level  contours  around  the  hold  pond  indicate  a  ground-water  mound 
beneath  the  holding  pond  with  the  regional  water  level  surface  trending  away  from 
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the  upland  toward  the  lowland  areas* 

p  The  isoreslstivity  contours  also  indicate  the  migration  of  chlorides  to 

be  greatest  northward  and  southeastward. 

^  The  extent  of  the  unvegetated  area  is  depicted  clearly  on  the  photo- 

graphs in  the  report.  This  area  was  often  moist  in  many  places,  particularly  after 
a  rainfall  eventt  suggesting  that  holding  pond  water  is  migrating  laterally. 

■q  Apparent  resistivity  values  from  split  spoon  samples  were  much  higher 

^  -  below  the  Hagarstown  Member,  probably  indicating  little  downward  movement  of  the 

^  highly  mineralized  water. 
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APPENDIX  D 


Bond  County 
E.E.R. ,and  Water  Table  Maps 
Lithologic  and  Gamma  Ray  Logs 
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Bond  County  Holding  Pond  Study  Site 
Land  Administrator:    Roger  Riedemann 
Operator;    Clyde  Bassett 

Pond  Size:     lOO'xlOO1.    Date  Constructed:  1940? 

Present  Salt  Water  Input:     150  barrels  per  day  four  days  a  month 

i 

Geologic  Setting 

The  Bond  County  holding  pond  study  site  is  located  in  Section  10, 
T.  6  N. ,  R.  2  W#)  Bond  County,  Illinois,  in  the  Woburn  Consolidated  Oil  Field. 
The  land  elevation  is  between  565- 58Q  feet  above  mean  sea  level.    Drainage  is 
generally  westward  toward  a  north  flowing  tributary  to  Gilham  Creek.    The  study  site 
is  a  part  of  a  relatively  flat  and  featureless  drift  plain  underlain  by  Illinoian 
glacial  deposits.     The  unconsolidated  glacial  drift  and  overlying  deposits  of  loess 
consist  of  about  80  feet  of  clayey  silt,  sand,  and  till.     Beneath  these  deposits  is 
bedrock  of  Pennsylvanian  age. 

Hydrogeology 

The  surface  materials  exposed  at  the  site  consist  of  about  2  feet  of 
Wisconsinan  loessial  silt  and  sand  which  form  part  of  the  soil  in  the  region.  Below 
the  loess,  exposed  along  the  drainageways  west  and  north  of  the  pond,  is  the 
Hagarstown  Member  of  the  Illinoian  Glasford  Formation,     An  abandoned  pond  directly 
south  of  the  active  pond  has  been  breached  by  an  erosional  waterway  to  a  depth  of 
6-7  feet  (see  photographs).     In  the  pond  areas,  the  Hagarstown  extends  to  about 
20  feet  below  the  land  surface  and  consists  primarily  of  sandy  silt  with  minor 
amounts  of  sandy  ablation  till.     The  silt  is  differentially  weathered,  having 
undergone  two  periods  of  soil  genesis.     The  Hagarstown  Member  is  underlain  by  about 
20  feet  of  the  Vandalia  Member  of  the  Glasford  Formation,  a  sandy  till  with  a  few 
thin  sand  layers.     Beneath  the  Vandalia  Member  is  about  30  feet  of  silty,  smooth 
textured  till  assigned  to  the  Smithboro  Member  of  the  Glasford  Formation.  The 
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lowermost  8  feet  of  glacial  drift  consists  of  dense  Kansan  till  overlying  the 
Bond  Formation  of  Pennsylvanian  age. 

The  silt,  sand,  and  sandy*  till  of  the  Hagarstown  Member  contain  greater 
amounts  of  coarse  clastic  material,  are  less  compact  (see  unconfined  compressive 
strength  measurements),  and  are  relatively  more  permeable  than  the  remaining  tills 
of  the  G las ford  Formation.     The  best  exposure  of  Hagarstown  is  on  the  west  side 
of  the  active  holding  pond.     Here,  about  8  feet  of  continually  moist,  unvegetated 
silt  extends  from  the  diked  part  of  the  pond,  ending  abruptly  at  the  waterway  (see 
photograph) . 

Hydrology 

Water  level  contours  at  the  hold  pond  reveal  a  ground-water  mound  super- 
imposed on  a  water  level  surface  which  increases  in  gradient  toward  the  drainageway. 
Water  from  the  mound  appears  to  seep  regularly  from  the  west  side  of  the  active  pond 
dike  into  the  waterway. 

The  distribution  of  apparent  resistivity  contours  indicate  the  greatest 
migration  of  chlorides  northward  and  westward  toward  drainageways .     The  extent  of 
unvegetated  areas  surrounding  the  holding  pond  in  1978  is  very  similar  to  the  area 
shown  on  the  1955  aerial  photograph  accompanying  this  report.     The  unvegetated  area 
stops  dramatically  at  the  waterway,  suggesting  change  of  the  flow  pattern  in  this 
area  (see  Fig.  1). 

The  generally  higher  apparent  resistivity  values  from  split  spoon  samples 
below  the  Hagarstown  indicate  that  for  the  most  part,  the  highly  mineralized  holding 
pond  water  has  not  migrated  downward  into  the  underlying  till. 
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AN  ELECTRICAL  EARTH  RESISTIVITY  SURVEY 
AT  THE  WOBURN  CONSOLIDATED  OIL  FIELD 
Section  10,  T.  6  N.,  R.  2  W.,  Bond  County,  Illinois 
June  1978-Uurphy,  Osby  (I EPA);  Reed,  Franczyk  (ISGS) 
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APPARENT  RESISTIVITY  (OHM-METERS)  AT  20-FOOT  DEPTH 
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APPENDIX  E 

Effingham-Fayette  County 
E.E.R.  and  Water  Table  Maps 
Lithologic  and  Gamma  Ray  Logs 
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*  Effingham-Fayette  Counties  Holding  Pond  Study  Site 
Land  Administrator:    Mr.  Dorwin  Barr 
Operator:     Tri  Star  Oil  Company 
Pond  Size:  llO'xllO'xe* 

Present  salt  water  input:    150-200  barrels  daily  (reported) 
Geologic  Setting 

The  Effingham-Fayette  County  study  site  is  located  in  Section  31, 
T.  9  N.,  R.  AW.,  within  the  Louden  Oil  Field.    The  land  elevation  ranges 
between  595-630  feet  above  mean  sea  level.    Drainage  is  eastward  and  southward 
toward  a  tributary  of  Wolf  Creek.    The  site  is  situated  on  the  south  flank  of 
southwestward-northeastward  trending  series  of  elongate  mounds  which  are 
elevated  above  the  surrounding  Illinoian  till  plain.     The  unconsolidated 
Illinoian  glacial  drift  consists  of  sand,  silt  and  till.    The  glacial  drift  is 
about  50  feet  thick,  and  overlies  the  Mattoon  Formation  of  Pennsylvania  age. 

Hydrogeology 

The  surficial  material  consists  of  loessial  silt  which  forms  the  soil 
m  this  area.     In  places  near  the  abandoned  ponds  north,  northeast,  west  and 
immediately  south  of  the  active  pond  a  sandy,  bleached  spoil  covering  is  present 
to  a  depth  of  3  to  4  feet.    Underlying  the  spoil  and  the  soil  is  5  to  18  feet 
of  sand,  silt  and  sandy  till  of  the  Hagars town  Member  of  the  Glasford  Formation. 
The  Hagarstown  is  deeply  weathered  and  has  a  uniform  lithology  in  all  parts  of 
the  study  area  except  in  the  area  of  well  no.  G-49A  where  the  sandy  ablation 
till  phase  of  the  Hagarstown  becomes  dominant. 

Beneath  the  Hagarstown  is  a  tough  sandy  till,  the  Vandalia  Member 
of  the  Glasford  Formation.     The  Vandalia  Member  is  greatly  compacted  in  contrast 
to  the  overlying  Hagarstown  (see  engineering  data  in  appendix)  which  has  com- 
paratively greater  permeability.    The  Vandalia  appears  fractured  in  some  of  the 
split  spoon  samples  studied  and  therefore  may  be  hydraulically  connected  to  the 
overlying  Hagarstown  in  places. 
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Hydrology 

Water  level  contours  around  the  holding  pond  indicate  a  ground-water 
mound  beneath  the  pit  with  a  gradient  southward  toward  the  creek.    The  distri- 
bution of  apparent  resistivity  reflects  the  coalescing  and  interaction  of  the 
chloride  migration  from  the  active  pond  and  the  inactive  holding  ponds.  The 
greatest  migration  of  brine  is  southward  toward  the  creek  and  west,  northeast 
and  east  outward  from  the  vicinity  of  the  abandoned  holding  ponds.    This  relation- 
ship is  shown  on  the  apparent  resistivity  maps.    The  limit  of  the  unvegetated 
area  has  decreased  considerably  in  the  locale  of  the  abandoned  holding  ponds 
based  on  patterns  shown  on  the  1966  aerial  photograph. 
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AN  ELECTRICAL  EARTH  RESISTIVITY  SURVEY 

AT  THE  LOUDEN  POOL  OIL  FIELD 
Section  31.  T.  9  N.,  R.  4  E.,  Effingham  Countv.  Illinois 
and  Section  36,  T.  9  N..  R.  3  E..  Fayette  Countv.  Illinois 
July  1978-Murphy.  Osby  (lEPA);  Reed  (ISGS> 
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APPARENT  RESISTIVITY  (OHM-METE RSI  AT  5-FOOT  OEPTH 
AT  THE  LOUDEN  POOL  OIL  FIELD 
Section  31,  T.  9  N„  R.  4  E.f  Effingham  County,  Illinois 
and  Section  36.  T.  9  N.,  R.  3  E.f  Fayette  County,  Illinois 
Julv  1978-Murphy,  Osby  (I EPA);  Reed  ilSGS) 


APPARENT  RESISTIVITY  (OHM-METERS)  AT  10-FOOT  DEPTH 
AT  THE  LOUDEN  POOL  OIL  FIELD 
Section  31,  T.  9  N.,  R.  4  E..  Effingham  County.  Illinois 
and  Section  36,  T.  9  N„  R.  3  E..  Fayette  County,  Illinois 
July  1978-Murphy.Osby  (IEPA);Reed  (ISGS) 
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APPARENT  RESISTIVITY  (OHM-METERS)  AT  20-FOOT  DEPTH 
AT  THE  LOUDEN  POOL  OIL  FIELD 
Section  31,  T.  9  N.,  R.  4  E.,  Effingham  County.  Illinois 
and  Secrion  36,  T.  9  N.,  R.  3  E.,  Fayette  County,  Illinois 
July  1978^Murphy,  Osby  (IEPA);  Reed  (ISGS) 
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E.E.R.  and1  Water  Table  Maps 
Lithologic  and  Gamma  Ray  Logs 
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Clav  County  Holding  Pond  Study  Site 
Land  Administrator:    Mr,  Albert  Hayes 
Operator:    Shelby  A.  Britton 

Pond  Size:     lSO'xSO'xe1.    Date  Constructed:  1950? 
Present  salt  water  input:    4  barrels  daily  (reported) 

Geologic  Setting 

The  Clay  County  study  site  is  located  in  Sections  21  and  28,  T.  3  1, 
R.  7  E. ,  within  the  Sailor  Springs  Consolidated  Oil  Field.     The  land  elevation 
ranges  between  445-455  feet  above  mean  sea  level.    Drainage  is  westward  toward 
a  tributary  of  Elm  River.    The  unconsolidated  Illinoian  glacial  drift  and  loess 
which  consists  of  silt,  sand  and  glacial  till  is  about  25  feet  thick  and  overlie 
the  Mattoon  Formation  of  Pennsylvanian  age. 

Hydrogeolofly 

The  site  is  overlain  to  the  west  and  north  with  0-3  feet  of  loose, 
often  moist,  fairly  clean  sand  with  granules,  probably  spoil  derived  from  the 
pond  excavation.    This  surficial  material  is  porous  and  permeable  and  appears 
to  transmit  pond  fluid  readily.     Beneath  this  spoil  and  in  areas  where  the  spoil 
is  not  present  is  about  10-15  feet  of  loosely  compacted  soil,  sand,  silt  and 
deeply  weathered  till  of  the  Hagarstown  Member  of  the  Glasford  Formation. 
Underlying  the  Hagarstown  is  ten  or  more  feet  of  tough*  dry  compacted  (see 
tinconfined  compressive  strength  measurements)  relatively  impermeable  till  which 
is  believed  to  lie  on  bedrock. 

Hydrology 

Water  level  contours  around  the  holding  pond  indicate  a  ground-water 
mound  beneath  the  pond  with  a  general  gradient  westward  toward  the  creek. 

The  distribution  of  the  isoresistivity  contours  indicate  that  the 
greatest  migration  of  chlorides  is  toward  the  southeast  and  northwest.  The 
construction  of  state  route  50  in  the  early  1970*3  appears  to  have  interrupted 
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a  part  of  the  southeastward  migration  of  the  unvegetative  area  around  the  pit. 

To  the  northwest,  since  1966,  the  unvegetated  area  has  extended  outward  200 

feet  to  a  field  waterway  coincident ■ with  the  chloride  migration  (note  photographs) 
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POTENTIOMETRIC  SURFACE  (DATUM  GROUND  LEVEL  WELL  H 
SAILOR  SPRINGS  CONSOLIDATED  OIL  FIELD 
Section  21,  T.  3  N.,  R.  7  E.,  Clay  County.  Illinois 
July  1978-Murphy,  Osby  (I EPA);  Reed  (ISGS) 
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APPARENT  RESISTIVITY  (OHM-METERS)  AT  5-FOOT  DEPTH 
AT  THE  SAILOR  SPRINGS  CONSOLIDATED  OIL  FIELD 
Sections  21  and  28,  T.  3  N.,  R.  7  E.,  Clay  County,  Illinois 
July  1978-Murphy.  Osby  (I EPA);  Reed  (ISGS) 
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July  1978-Murphy,  Osby  (I EPA);  Reed  (ISGS) 
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APPARENT  RESISTIVITY  (OHM-METERS)  AT  20-FOOT  DEPTH 
AT  THE  SAILOR  SPRINGS  CONSOLIDATED  OIL  FIELD 
Sections  21  and  28.  T.  3  N.,  R.  7  E.,  Clay  County.  Illinois 
July  1978-Murphy,  Osby  (I EPA);  Reed  (ISGS) 
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Division  Mission  Statement 


The  Division  of  Mineral  Resources  is  responsible  for  ensuring  the 
environmentally  sound,  economic  development  of  New  York's 
non-renewable  energy  and  mineral  resources  for  the  benefit  of 
current  and  future  generations. 


This  report  was  produced  by  the 

NYS  Department  of  Environmental  Conservation 

Division  of  Mineral  Resources 
625  Broadway 
Albany,  NY  12233-6500 
(518)  402-8076 

Bradley  J.  Field,  Director 
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Executive  Summary 


Mining  occurs  in  every  region  of  the  State  except  the  New  York  City  area.  Oil  and  gas  development 
has  historically  occurred  in  the  western  half  of  the  State,  but  the  Finger  Lakes  region  has  been  experi- 
encing heavy  activity  for  several  years.  Because  of  differences  in  legal  reporting  requirements,  the 
types  of  statistics  presented  for  the  two  programs  are  not  identical. 


Oil,  Gas  and  Solution  Mining 


Mined  Land  Reclamation 


Inspections  -  Staff  traveled  95,672  miles  and 
performed  2,445  oil  and  gas  inspections. 

Permits  and  Completions 

Gas:     Permits  429     Completions  270 

Oil:     Permits  250     Completions  172 

Other:  Permits    58     Completions  58 

Total:  Permits  737     Completions  500 

Wells  Reported  (All  Types)  2008  -  14,513 

Wells  To  Date  (All  Types)  -  75,000;  majority 
pre-regulation  (most  plugging  status  unknown). 

Production  and  Market  Value 

Gas  50.320  bcf  Value  Down  7% 
Oil  397,060  bbl  Value  Up  25% 
Total  O&G  Mkt  Value  $488  million 

State  Leasing  -  91  leases  were  in  effect 
covering  63,591  acres;  266  producing  wells. 

Revenues  from  Oil  and  Gas 

State  Revenues  $3.1  million 

Local  Govt.  Taxes  (est.)  $14.6  million 
Landowner  Royalties  (est.)  $61.0  million 

Underground  Natural  Gas  Storage  -  24 

facilities  were  79%  full  at  year-end. 
Total  Storage  Capacity       223  bcf 
Working  Gas  Capacity        113  bcf 
Max.  Deliverability     2.127  bcf/day 

Solution  Mining  -  Five  facilities  produced  1.93 
billion  gallons  of  brine,  equal  to  2.25  million 
metric  tons  of  salt. 

Financial  Security  -  In  2008  New  York  held 
$24.7  million  to  guarantee  well  plugging  and 
site  reclamation. 


Inspections  -  Staff  traveled  89,964  miles  to 
perform  2,417  mine  inspections. 

Permits  Issued  Annual 

Total  Permits  462  Fees 

New  Permits  37  $2.8  Million 

Renewal  &  Mod.  585 

Active  Mines  2,166 

Estimated  Market  Value  $1.3  billion 

US  Production  Rank  by  Quantity 

Wollastonite  1st  Salt,  Peat  3rd 
Garnet  1st       Talc,  Zinc  4th 

NY  Rank  by  Value 

Crushed  Stone    1st  Sand  &  Gravel  4th 

Cement  2nd  Zinc  5th 

Salt  3rd  Wollastonite  6th 


Common  Mine  Types 

Sand  &  Gravel 

Limestone 

Bluestone 

Owner  Type 

Industry 

County 

Town 

Net  Affected  Acreage 

Life-of-Mine  Acreage 

Reclaimed  Acreage,  2008 

Reclaimed  Since  1975 


1,734 
80 
83 

1,708 
49 
395 

49,076 

119,183 

1,842 

28,520 


Financial  Security  -  In  2008  New  York  re- 
quired $167.5  million  to  guarantee  mine  site 
reclamation. 
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Division  of  Mineral  Resources  Program  Highlights 


New  York  State  gas  production  in  2008  was 
50.320  billion  cubic  feet  (bcf),  down  8.4%  from 
the  previous  year.  Trenton-Black  River 
production  declined,  but  still  accounted  for  69% 
(34.8  bcf)  of  2008  production.  Oil  production 
rose  3%  to  397,060  barrels  in  2008. 

The  total  number  of  wells  completed  dropped  6% 
from  2008,  but  the  number  of  gas  wells 
completed  (270)  remained  almost  exactly  the 
same  as  the  previous  year.  Four  new  Trenton- 
Black  River  gas  fields  started  production  in  2008: 
Dry  Run  Creek  and  Lamoka  in  Steuben  County, 
Skye-Top  in  Chemung  County,  and  Halsey 
Valley  in  Tioga  County. 

In  2008  drilling  permits  rose  28%  to  737,  which 
is  close  to  permit  levels  in  1983-1984,  another 
period  of  high  activity.  Total  drilled  depth  of  the 
wells  for  the  year  was  over  1.37  million  feet 
(more  than  the  distance  from  Schenectady  to 
Buffalo).  Drilling  rig  availability  continued  to  be 
a  significant  concern  for  New  York's  oil  and  gas 
operators. 

By  year-end  2008  a  total  of  19  deep  wells  had 
been  drilled  on  or  adjacent  to  State  land.  In  2008 
New  York  collected  $2.0  million  in  royalties 
from  the  wells  draining  State  land.  Steuben 
County  had  the  most  State  acreage  under  lease. 

In  2008  the  Division  of  Mineral  Resources 
conducted  42  compulsory  integration  hearings, 
which  resulted  in  36  finalized  orders.  The 
remaining  orders  were  referred  to  the  Office  of 
Hearings  and  Mediation  Services  for  adjudication 
on  issues  including  data  and  site  access, 
assessment  of  risk  penalties,  and  pipeline  costs. 

Marcellus  permit  activity  increased  greatly  in 
2008.  The  Division  received  a  total  of  58  Mar- 
cellus permit  applications  (45  vertical,  13  hori- 
zontal). Six  vertical  Marcellus  wells  were  spud  in 
2008  in  Allegany,  Chemung  and  Chenango 
counties.  The  2008  activity  brought  the  State's 
total  number  of  Marcellus  producing  wells  to  15. 


In  2008  there  were  2,166  active  DEC-regulated 
mines  in  New  York  State,  a  drop  of  27  mines 
from  2007  and  the  tenth  straight  year  of  decline. 
Increasingly,  mine  operators  are  choosing  to 
replace  production  by  expanding  current  mines, 
rather  than  opening  new  ones.  This  trend  holds 
true  for  both  sand  and  gravel  mines  and  hardrock 
quarries.  Only  37  of  the  462  mining  permits 
issued  in  2008  were  for  new  facilities. 

Nevertheless,  production  of  the  State's  major 
mined  commodities  remains  relatively  level  from 
year  to  year.  The  U.S.  Geological  Survey 
estimates  the  annual  value  of  New  York's  mineral 
production  at  roughly  $1.3  billion.  Mining  is 
spread  fairly  evenly  across  the  State  because  of 
the  need  to  keep  trucking  distances  down  and 
reduce  the  cost  of  transporting  heavy  materials. 
Sand  and  gravel  mines  account  for  over  80%  of 
DEC-regulated  mines  and  29  of  the  new  permits 
issued  in  2008,  or  78%,  were  for  sand  and  gravel. 

Interest  in  bluestone  mining  remained  steady  in 
2008.  One  new  mine  was  permitted  and  seven 
Exploration  Authorizations  were  issued  to  mine 
operators  allowing  them  to  evaluate  potential 
bluestone  sites  for  a  limited  period  of  time  (one 
year  with  possible  one-year  renewal). 

A  total  of  49,076  acres  were  affected  by  mining 
in  2008  out  of  a  total  approved  life-of-mine  area 
of  1 19,183  acres.  The  Division  continued  to  have 
success  promoting  concurrent  reclamation  with 
1,205  acres  reclaimed  at  97  operating  mines. 
Final  reclamation  of  637  acres  occurred  at  74 
closed  mines  bringing  the  2008  total  to  1,842 
acres.  Roughly  28,520  acres  of  land  affected  by 
mining  have  been  reclaimed  since  1975. 

In  2008  the  Division  held  over  $167.5  million  in 
financial  security  to  guarantee  mine  reclamation. 
The  increase  of  $28  million  from  the  previous 
year  was  due,  in  part,  to  a  new  method  for 
calculating  financial  security  introduced  in  2006. 
The  improved  method  brings  financial  security 
requirements  more  in  line  with  modern-day 
reclamation  costs. 
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Map  1  -  Division  of  Mineral  Resources  Regional  Service  Areas 


Watertown  Office 
State  Office  Building 
317  Washington  St. 
Watertown,  NY  13601 
Ph:  315-785-2293 
Fax:  315-785-2242 


Avon  Office 
(O&G  Regions  6,  7,  8) 
6274  E  Avon-Lima  Rd 
Avon,  NY  14414 
Ph:  585-226-5471 
Fax:  585-226-9034 


Ray  Brook  Office 
Route  86 
P.O.  Box  296 
Ray  Brook,  NY  12977-0296 
Ph:  518-897-1305 
Fax:  518-897-1370 

Warrensburg  Sub  Office 
232  Hudson  St. 
P.O.  Box  220 
Warrensburg,  NY  12885 
Ph:  518-623-1271 
Fax:  518-623-3603 


Schenectady  Office 
1150N.  WestcottRd. 
-Schenectady,  NY  12306 
Ph:  518-357-2162 
Fax:  518-357-2460 


Allegany  Office 
(O&G  Region  9) 
182  E  Union  St 
Allegany,  NY  14706-1328 
Ph:  716-372-0645 
Fax:  716-372-2113 


Mined  Land  and  Oil  &  Gas 
Mined  Land 
Other  DEC  Offices 


Syracuse  Office 
615  Erie  Blvd.  West 
Syracuse,  NY  13204-2400 
Ph:  315-426-7461 
Fax:  315-426-7459 


Central  Office 
(O&G  Regions  1-5) 
625  Broadway,  Third  Floor 
Albany,  NY  12233-6500 
Ph:  518-402-8056 
Fax:  518-402-8060 

Stony  Brook  Office 
SUNY  -  Bldg.  40 
Stony  Brook,  NY  11790 
Ph:  631-444-0274 
631-444-0272 


New  Paltz  Office 
21  South  Putt  Corners  Rd. 
New  Paltz,  NY  12561-1696 ' 
Ph:  845-256-3027 
Fax:  845-255-3414 


New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


2008  New  York  Oil  &  Gas  Industry 
At  a  Glance 


Production  and  Market  Value 


Gas  50.320  bcf 
Oil  397,060  bbl 
Total  Market  Value 


Value  down  7% 
Value  up  25% 
$488  Million 


Revenues  In  Millions 

State  Leasing  $2.2  Million 

Local  Govt,  (est.)  $  14.6  Million 

Landowner  Royalties  (est.)  $61.0  Million 


Financial  Security 

Plugging  &  Reclamation 
$24,663,543 


State  Leasing 

91  leases  covered  63,591  acres 
226  productive  wells 


All  Reported  Wells 

14,513 

Active  Wells 

Natural  Gas 

6,675 

Oil 

3,617 

Gas  Storage 

929 

Solution  Salt 

131 

Underground  Gas  Storage 

24  facilities,  79%  full  at  year-end 
Total  Storage  Capacity      223  bcf 
Working  Gas  Capacity      113  bcf 
Max.  Deliverability  2. 1 27  bcf/day 


Solution  Mining 

Five  facilities  produced  1.93  billion  gallons 
of  brine  (2.25  million  metric  tons  salt) 


Natural  Gas  &  Oil  Abbreviations 


Abbreviations  for  natural  gas 
volume  measurements: 

mcf     thousand  cubic  feet 
mmcf  million  cubic  feet 
bcf      billion  cubic  feet 


Crude  oil  is  also 
measured  by  vol- 
ume. One  barrel 
equals  42  gallons. 


■  ■i 


What's  an  MCF  Do  ? 


Roughly  4.2  million 
households  in  New 
York  use  natural  gas 
for  home  heat,  cooking  and  heating  water. 
It  takes  just  69  mcf  per  year  to  heat  the 
average  New  York  home.*  The  State's 
2008  production  of  50.3  bcf  was  enough 
to  heat  729,269  homes. 


bbl  barrel 


2005  NYS  Energy  Fast  Facts,  NYSERDA 
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New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Market  Value  and  Economic  Benefits 


Market  Value 

Estimated  total  market  value  for  New  York's  oil 
and  gas  decreased  6%  to  $488  million  in  2008. 
Breaking  down  the  figures  in  more  detail,  the 
value  of  natural  gas  decreased  from  $486  million 
in  2007  to  $450  million  in  2008.  New  York 
produces  much  less  oil  than  gas,  but  oil's  market 
value  rose  by  25%,  from  $30.4  million  in  2007  to 
$38.1  million  in  2008. 

Tax  Revenues  to  Local  Governments 

Communities  in  oil  and  gas  producing  areas  also 
benefit  from  the  industry's  activity.  The  Division 
estimates  that  real  property  taxes  on  2008 
production  totaled  roughly  $14.6  million,  a  6% 
decrease  from  the  previous  year. 

To  dampen  the  impact  of  fluctuating  oil  and  gas 
prices,  local  governments  assess  their  taxes  on  a 
unit  of  production  value  determined  by  the  NY 
State  Division  of  Equalization  and  Assessment 
using  a  five-year  average. 


State  Lease  Oil  and  Gas  Prices 

The  average  wellhead  natural  gas  price  of  $8.94 
per  mcf  in  2008  was  up  slightly  from  $8.85  in 
2007.  The  average  2008  oil  price  of  $99.29  per 
bbl  was  up  26%  from  $78.59  in  2007.  These 
average  prices  were  obtained  from  royalty 
payments  made  to  New  York  for  leases  on  State 
lands. 

Landowner  Royalties  and  Landowner  Wells 

The  majority  of  landowners  with  producing  oil 
and  gas  leases  receive  a  royalty  from  the  well 
operator.  Based  on  an  average  royalty  of  one- 
eighth  of  the  production  value,  the  Division 
estimates  that  landowners  in  New  York  received 
roughly  $61  million  in  royalties  in  2008. 

In  addition,  roughly  500  of  New  York's  gas  well 
operators  (mostly  landowners)  own  just  one  well. 
Typically,  the  wells  are  no  longer  considered 
commercially  productive,  but  can  provide  enough 
gas  to  help  reduce  or  eliminate  the  landowner's 
home  heating  costs. 
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New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Production  of  Oil  and  Gas 


Natural  Gas  Production 

New  York's  reported  natural  gas  production  for 
2008  was  50.320  bcf,  down  from  54.619  bcf  in 
2007.  Roughly  34.8  bcf  of  gas  came  from  just 
100  producing  Trenton-Black  River  wells,  with 
one  (1)  well  alone  producing  2.1  bcf.  Production 
from  other  formations  rose  14%  as  a  group,  with 
notable  increases  from  the  Queenston  (49%)  and 
Herkimer-Oneida-Oswego  (135%). 

In  2008  Steuben  County  was  the  top  gas- 
producing  county.  Steuben  and  Chemung  coun- 
ties accounted  for  65%  of  New  York's  2008  pro- 
duction. Chautauqua  County  continued  to  rank 
third  (see  Table  1). 

Oil  Production 

In  2008  New  York's  oil  production  rose  3%  to 
397,060  barrels,  the  highest  since  1992.  From 
2005  to  2008  oil  reserves  more  than  doubled. 

Top  Producers 

In  2008  the  top  gas  producer  was  Fortuna  Energy 
Inc.,  at  3 1.34  bcf  of  gas,  and  the  top  oil  producer 
was  East  Resources,  at  122,832  bbl  of  oil.  Tables 
2  and  3  on  page  12  show  the  top  10  oil  and  gas 
producers.  Tables  5  and  6  on  page  16  show  the 
top  10  Trenton-Black  River  wells  and  fields. 


Table  1  -  Top  10  Gas  Counties,  2008 


County 

Gas  (mcf) 

Active 
Gas  Wells 

Average 
mcf/Well 

Steuben 

17,146,368 

69 

248,498 

Chemung 

15,626,276 

43 

363,402 

Chautauqua 

6,758,069 

3,438 

1,966 

Erie 

1,961,665 

961 

2,041 

Seneca 

1,606,948 

214 

7,509 

Cattaraugus 

1,593,604 

528 

3,018 

Schuyler 

1,060,947 

18 

58,942 

Tioga 

1,038,093 

1 

1,038,093 

Cayuga 

838,287 

291 

2,881 

Genesee 

767,032 

519 

1,478 

For  Further  Details 

Map  2  on  page  13  gives  production  information 
by  town.  Table  4  on  page  14  gives  production  by 
geologic  formation.  For  further  production  de- 
tails, please  visit  our  website  at  www.dec.ny.gov/ 
energy/1601.html . 


Chart  2  -  Producing  Formation  for  NY  Natural  Gas,  2003  -  2008 
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New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Table  2  -  Top  10  Gas  Producing  Companies,  2008 

7007  Rank 

1.  Fortuna  Energy,  Inc. 

31,344,702 

1 

-20% 

2.  Chesapeake  Appalachia,  LLC 

5,579,586 

2 

+63% 

3.  Range  Resources-Appalachia,  LLC 

2,288,171 

3* 

-9% 

4.  U.  S.  Energy  Development  Corp. 

1,601,132 

5 

+66% 

5.  EnerVest  Operating,  LLC 

1,142,917 

New** 

NA 

6.  Nornew,  Inc. 

1,068,956 

-45% 

7.  United  States  Gypsum  Co. 

558,918 

6 

-1% 

8.  Stedman  Energy,  Inc. 

530,507 

>10 

+27% 

9.  Universal  Resources  Holdings,  Inc. 

468,164 

9 

+5% 

10.  Seneca  Resources  Corp. 

428,129 

7 

-10% 

*  Transfer  from  Great  Lakes  Energy 

**  Well  transfers  from  Nornew  to  EnerVest 

Table  3  -  Top  10  Oil  Producing  Companies,  2008 

Company 

2008  Oil  (bbl) 

2007  Rank 

2008  Change 

1.  East  Resources,  Inc. 

122,832 

1 

-34% 

2.  McCracken,  Carl  A.  Ill 

35,081 

2 

+42% 

3.  Case  Brothers  Inc. 

29,849 

3 

+102% 

4.  Dallas  Energy,  LLC 

23,206 

6 

+143% 

5.  Copper  Ridge  Oil,  Inc. 

21,163 

10 

+183% 

6.  Nathan  Petroleum  Corp. 

11,781 

4 

-9% 

7.  Johnson,  Mark  &  Troy 

10,806 

8 

+44% 

8.  Otis  Eastern  Service,  Inc. 

10,003 

5 

-14% 

9.  Pefley  Oil  &  Gas,  Inc. 

8,757 

>10 

+497% 

10.  Snyder  Brothers,  Inc. 

7,647 

>10 

+35% 
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New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Table  4  -  Production  by  Geologic  Formation,  2008 

Formation 

Wells 

Iras  (met) 

Ull  (DDI) 

Devonian  Shale 

28 

24,523 

0 

Undifferentiated 
Canadaway  Group2 

4,441 

355,612 

292,553 

Perrysburg 

1,069 

297,751 

68,140 

Tully 

11 

16,958 

1,058 

Hamilton 

3 

0 

0 

Marcellus 

28 

64,063 

0 

Onondaga 

76 

48,537 

1,528 

Oriskany 

40 

190,854 

0 

Helderberg 

1 

0 

0 

Akron 

29 

13,708 

0 

Herkimer-Oneida- 
Oswego 

79 

935,557 

0 

Medina 

6,551 

10,302,222 

1,412 

Bass  Island 

82 

136,516 

13,614 

Queenston 

589 

2,460,968 

0 

Trenton 

13 

41,872 

0 

Black  River 

138 

34,768,042 

0 

Little  Falls 

1 

10,674 

0 

Theresa 

25 

534,866 

0 

Other 

478 

117,160 

5,500 

1  Active,  temporarily  abandoned  and  shut-in  wells 

2  Undifferentiated  Canadaway  Group  includes  Glade,  Richburg,  Bradford,  and 
other  well-known  oil  producing  formations 


To  see  a  stratigraphic  column  of  New  York's  geologic  formations 
go  to  http://www.dec.ny.gov/energy/33893.html 
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Map  3  -  Trenton-Black  River  Fields,  Central  New  York,  2008* 


New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Table  5  -  Top  10  Wells,  Trenton-Black  River  Production,  2008 

Well  Name 

API 
Identification 
Number 

2008 
Production 

(bcf) 

County/  Field 

Gross  Dl 

31101239020000 

2,115,603 

Steuben/Quackenbush  Hill 

Dzybon  1 

31101238670000 

1,967,857 

Steuben/Forest  Hill 

Hartman,  BJ  1 

31101232270000 

1,622,600 

Steuben/Rayner 

DrummJ.  1A 

31101239850100 

1,618,175 

Steuben/Green  Hill 

Stoscheck  1 

31015238140000 

1,530,278 

Chemung/Darling  Creek 

Lovell  1323 

31015228310000 

1,470,724 

Chemung/Quackenbush  Hill 

Cotton-Hanlon  2 

31015239870000 

1,208,513 

Chemung/Cramer  Hollow 

Gillis  1 

31101231100000 

1,105,742 

Steuben/Rayner 

Michaloski  1 

31101239210000 

1,038,255 

Steuben/Caton 

Winter  G  1 A 

31107238550100 

1,038,093 

Tioga/Halsey  Valley 

Table  6  -  Top  10  Fields,  Trenton-Black  River  Production,  2008 

Field  Name 

2007 
Production 

(bcf) 

2008 
Production 

(bcf) 

Cumulative 
Production 
Year-End  2008 

First  Year 
of 

Production 

Quackenbush  Hill 

9,555,996 

7,801,356 

95,729,531 

2000 

Rayner 

3,978,014 

2,728,342 

12,445,618 

2005 

Langdon  Hill 

1,716,659 

2,260,014 

11,481,080 

2001 

Wilson  Hollow 

3,291,519 

2,111,885 

44,163,535 

1999 

Darling  Creek 

3,973,466 

1,530,278 

9,443,618 

2006 

Whiskey  Creek 

952,809 

860,383 

5,668,875 

2003 

Seeley  Creek 

860,920 

398,253 

5,864,319 

2004 

Muck  Farm 

469,284 

351,543 

9,211,522 

1999 

Terry  Hill  South 

446,737 

231,748 

8,871,405 

2001 

Glodes  Corners  Road 

155,487 

144,410 

10,027,556 

1996 
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New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Drilling  Permits  and  Well  Completions 


Drilling  Permits 

DEC  issued  737  drilling  permits  in  2008,  up  28% 
from  the  previous  year.  This  included  430  natural 
gas,  250  oil,  22  geothermal,  14  brine,  12  strati- 
graphic,  and  9  underground  gas  storage  permits. 

In  2008  DEC  issued  permits  for  wells  in  25  coun- 
ties; the  top  3  were  Chautauqua  County  (142), 
Cattaraugus  County  (140),  and  Allegany  County 
(134).  Most  of  the  oil  drilling  permits  were  issued 
for  Allegany  (125)  and  Cattaraugus  (94)  counties. 
Chautauqua  (117)  and  Erie  (72)  counties  had  the 
highest  number  of  gas  permits. 

Well  Spuds  and  Completions 

The  number  of  wells  spud  (started)  in  2008  was 
562.  The  number  of  permits  issued  in  2008  was 
up  28%  from  the  previous  year.  The  total  number 
of  completions  decreased  6%  to  500.  Gas  well 


completions  remained  almost  exactly  the  same  as 
in  2007.  Oil  well  completions  fell  by  13%  from 
2007. 

Wildcats  and  Extensions 

Operators  drilled  68  gas  wildcat  wells,  1  oil  wild- 
cat well,  and  18  gas  extension  wells  in  2008. 

Formations  Permitted 

Industry  interest  in  the  Black  River  and  Trenton 
formations  continued,  with  33  permits  issued  in 
2008.  Other  primary  gas  targets  included  the  Me- 
dina and  Queenston  for  a  total  of  331  permits. 
The  Division  issued  246  permits  for  the  State's 
main  oil-producing  formations  (Perrysburg  and 
Undifferentiated  Canadaway  Group).  Nine  per- 
mits were  issued  for  the  Marcellus  in  2008,  and  5 
vertical  Marcellus  wells  were  drilled  during  the 
year. 


Chart  3  -  Drilling  Permits  and  Completions,  1999  -  2008 
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Drilling  Permits,  2008 
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429 
250 
58 
737 


Well  Completions,  2008 
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Oil 
Other 

1999      2000      2001      2002      2003      2004      2005      2006      2007      2008  Total 
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172 
58 
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New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Marcellus  and  Other  Shales 


The  Marcellus  Shale  is  a  black  shale  that  forms 
the  basal  unit  of  the  Hamilton  Group  in  New 
York  State.  It  is  geographically  extensive,  cover- 
ring  an  area  of  approximately  54,000  square 
miles  in  the  Appalachian  Basin  states  of 
Kentucky,  New  York,  Ohio,  Pennsylvania,  and 
West  Virginia.  A  2002  estimate  by  the  U.S. 
Geological  Survey  put  basin-wide  Marcellus 
natural  gas  reserves  in  the  range  of  30  trillion 
cubic  feet  (tcf).  However,  by  2008  the  estimate 
had  climbed  closer  to  400  tcf  based  on  continued 
evaluation  of  Marcellus  drilling  in  Pennsylvania 
and  West  Virginia. 

In  2008  DEC  received  58  permit  applications  for 
Marcellus  wells  and  13  of  those  were  for  hori- 
zontal wells.  New  York  State's  2008  Marcellus 
production  totaled  64,063  mcf  from  15  vertical 
wells.  The  Marcellus  is  one  of  several  important 
low-permeability  shale  gas  reservoirs  in  New 
York  State;  the  Utica  Shale  in  Otsego  County  and 
the  Trenton  Group  shales  in  Madison  County  also 
continue  to  attract  interest. 

Advances  in  horizontal  drilling  and  hydraulic 
fracturing  technologies,  together  with  a  sharp  rise 
in  natural  gas  commodity  prices,  spurred  leasing 
activity.  The  Marcellus  became  the  focus  of  a 
great  deal  of  activity  in  the  Appalachian  Basin 
during  2008.  Landmen  were  seeking  to  lease 
mineral  rights  in  Delaware,  Broome,  Sullivan, 
and  other  counties.  Press  reports  stated  that 
signing  bonuses  up  to  $2,700/acre  and  royalty 
payments  of  up  to  18%  were  being  offered  to 
landowners.  Landowner  coalitions  formed  all 
along  the  Southern  Tier,  with  one  300-member 
group  in  the  New  York-Pennsylvania  border 
region  near  Port  Jervis,  NY  executing  a  lease  for 
roughly  $90  million. 

Some  of  the  more  active  players  in  this  "gas  rush" 
were  Chesapeake  Appalachia,  LLC;  Fortuna 
Energy,  Inc.;  and  East  Resources,  Inc.  As  a  result 
of  the  heightened  activity,  Division  staff  spent 
considerable  time  with  municipal  and  county 
leaders,  as  well  as  with  members  of  the  public, 
discussing  the  State's  Oil  and  Gas  Regulatory 
Program. 


On  July  23,  2008,  the  Governor  signed  amend- 
ments to  Article  23  of  the  Environmental 
Conservation  Law  designed  to  address  well 
spacing  for  horizontal  wells.  Importantly,  the 
Governor  also  directed  DEC  to  prepare  a 
Supplement  to  its  1992  Generic  Environmental 
Impact  Statement  on  the  Oil,  Gas  and  Solution 
Mining  Program  (GEIS)  to  address  horizontal 
drilling  and  high  volume  hydraulic  fracturing  in 
the  Marcellus  Shale  and  other  low  permeability 
natural  gas  reservoirs. 

The  document's  development  began  with  six 
Scoping  Meetings  held  in  the  Southern  Tier  from 
November  to  early  December  2008,  where  the 
public  could  recommend  topics  to  be  covered  in 
the  Supplemental  GEIS  (SGEIS);  DEC  also 
accepted  comments  submitted  directly  to  the 
agency  until  mid-December.  Upon  completion  of 
the  Scoping  Process,  the  list  of  potential  impacts 
to  be  covered  included:  visual;  noise;  air  quality; 
water  resources;  significant  habitats  and 
endangered  species;  invasive  species;  floodplains; 
wetlands;  road  use;  cumulative  impacts; 
community  character;  and  areas  of  historical, 
architectural,  and  archeological  significance. 

Historically,  shale  wells  in  New  York  have  been 
drilled  vertically  and  then  hydraulically  fractured 
with  80,000  gallons  or  less  of  water.  However, 
based  on  recent  successes  in  shale  plays  in  other 
states,  the  most  efficient  method  for  developing 
low-permeability  shale  reservoirs  is  now 
horizontal  drilling  combined  with  high-volume 
hydraulic  fracturing.  Horizontal  drilling  is  not 
new  to  New  York  State;  it  was  used  to  develop 
the  Trenton-Black  River  play  in  the  south-central 
Finger  Lakes  Region.  However,  high- volume 
hydraulic  fracturing  -  using  millions  of  gallons  of 
water  per  well  -  was  never  contemplated  during 
preparation  of  the  GEIS  and,  is,  therefore,  being 
addressed  in  the  SGEIS.  Map  4  shows  the 
approximate  area  of  interest  in  the  Marcellus 
(roughly  where  the  formation  is  2,000  or  more 
feet  deep)  and  the  Marcellus  and  Utica  fairways, 
as  mapped  by  the  NYS  Geologic  Survey.  A 
fairway  is  the  area  considered  likely  to  produce 
economic  quantities  of  gas. 
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Map  4  -  Ma  reel  I  us  Wells  (2008  Production)  and 
Marcellus  and  Utica  Shale  Areas 


Legend 

A     2008  Marcellus  Producing  Gas  Wells 

  Marcellus  2000'  Depth 

|  Marcellus  and  Utica  fairways  (after  NYSGS) 

Note:  Tan  area  represents  fairway  overlap 
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Compliance  and  Enforcement 

Inspections 

In  2008  Oil  and  Gas  staff  traveled  95,672  miles  to 
perform  2,445  well  site  inspections.  Staff  inspect 
well  sites: 

•  during  permit  application  review  to  check 
environmental  and  public  safety  issues; 

•  during  drilling  to  check  on  well  site  construc- 
tion and  drilling  permit  compliance; 

•  during  the  operating  phase  to  check  for  leaks, 
spills,  or  other  potential  problems; 

•  to  ensure  that  well  plugging  and  site  reclama- 
tion meet  requirements;  and 

•  upon  receipt  of  a  well  transfer  request. 


DEC  staff  perform  follow-up  inspections  to  en- 
sure any  violations  are  properly  remediated. 

Compliance  Enforcement 

Violations  are  handled  with  a  mixture  of  enforce- 
ment tools,  remediation  requirements  and  penal- 
ties. In  2008  the  Oil  and  Gas  Program  assessed 
$10,500  in  fines  and  penalties. 

Permit  Fees 

Total  oil  and  gas  permit  fees  collected  by  the 
Division  equaled  $908,090  in  2008,  of  which 
$73,700  was  deposited  in  the  Oil  and  Gas  Ac- 
count; this  fund  is  dedicated  to  plugging  orphan 
and  abandoned  wells. 


DEC  Oil  and  Gas  staff  perform  over  2,000  well  inspections  per  year. 
Here  the  inspector  is  checking  to  make  sure  the  well  is  in  compliance 
before  DEC  approves  transfer  of  the  well  to  a  new  company. 
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State  Land  Leasing 


At  the  end  of  2008  the  Division  managed  91 
leases  covering  roughly  63,591  acres  of  State 
land,  a  decrease  from  the  previous  year's  83,021 
acres.  The  big  drop  was  from  expiration  of  15 
leases  awarded  at  the  2003  lease  sale.  The 
roughly  20,000  acres  of  land  involved  could  be 
offered  for  lease  again  in  a  future  sale. 

At  year-end  2008  the  State  was  earning  royalties 
from  108  productive  oil  and  gas  wells  physically 
located  on  State  lands  and  another  118  producing 
wells  on  adjacent  or  unitized  lands.  These  wells 
are  associated  with  61  State  leases. 

The  226  wells  produced  17.8  bcf  of  natural  gas 
and  4,819  bbl  of  oil.  The  average  prices  paid  were 
$8.95  per  mcf  for  gas  and  $89.13  per  barrel  of  oil. 

In  2008  the  State  received  total  leasing  revenues 
of  $2.2  million,  down  82%  from  $11.8  million  in 
2007.  The  steep  drop  was  due  to  the  fact  that  no 


lease  sale  was  held  in  2008. 

•  Delay  Rentals  -  Operators  submitted  a  total 
of  $97,269  in  delay  rentals.  This  figure  was 
down  42%  from  the  $166,868  collected  in 
2007. 

•  Royalties  -  The  State  received  $1,866,519  in 
royalty  revenue  from  oil  and  gas  production 
on  61  leases  in  nine  counties  (32,452  acres), 
down  24%  from  $2,466,312  in  2007. 

•  Storage  Leases  -  Fourteen  storage  leases 
added  $21 1,927,  up  59%  from  2007.  The 
majority  of  New  York's  storage  lease  acreage 
is  in  Cattaraugus  County. 

•  Bonus  Bids  -  No  bonus  bids  were  received 
because  there  was  no  State  land  lease  sale  in 
2008. 


Table  7  -  Total  Leasing 
Revenues,  2003  -  2008 

2003 

$5,326,927 

2004 

$765,782 

2005 

$3,439,670 

2006 

$3,296,932 

2007 

$11,767,813 

2008 

$2,175,715 

DEC  Managed  Oil  and  Gas  Leases 


Other  State 
Agencies 


DEC  Wildlife 
Mgmt.  Areas 
1,059  Acres 


For  more  information,  see  the  2008 
Oil  &  Gas  Leasing  Report  at 
http://www.dec.ny.gov/energy/1579.html 
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Plugging  Permits  and  Bonds 


2008  Plugged  Wells  and  Bonds 

At  year-end  DEC  held  $24.7  million  in  financial 
security  to  guarantee  well  plugging  and  well  site 
reclamation.  This  represented  an  increase  of  7% 
from  $23.1  million  in  2007. 

At  the  end  of  production  a  well  must  be  plugged 
with  cement  at  proper  intervals,  the  equipment 
must  be  removed,  and  all  disturbed  land, 
including  the  access  road,  must  be  reclaimed.  In 
2008  operators  plugged  221  wells  in  accordance 
with  requirements  set  by  DEC  in  plugging 
permits. 

Much  of  the  plugging  activity  was  in  the  old 
oilfields  of  western  New  York.  Almost  78%  of 
the  plugging  jobs  were  oil  wells,  17%  gas  wells, 
and  the  remaining  4%  a  mix  of  other  regulated 
well  types. 

Plugging  occurred  in  16  counties,  however, 
almost  50%  of  the  plugging  jobs  were  in 
Allegany  County  and  another  30%  were  in 
Cattaraugus  County.  The  vast  majority  of 
plugging  jobs  involved  old  oil  wells,  particularly 
in  the  Richburg  Field. 


Financial  Security,  2008 
$24.7  Million 


Table  8 
Plugged  Wells,  2008 

Oil 

172 

Gas 

37 

Other 

12 

Total 

221 

Some  of  this  plugging  activity  can  be  attributed  to 
the  recent  high  prices  for  oil.  During  the  process 
of  redeveloping  an  old  oilfield,  operators  may 
need  to  plug  old  or  inactive  wells. 


Abandoned  and  Orphaned  Wells 


Old  Historic  Well  Problems 

Abandoned  wells  can  leak  oil,  gas  and/or  brine; 
underground  leaks  may  go  undiscovered  for 
years.  These  fluids  can  contaminate  ground  and 
surface  water,  kill  vegetation,  and  cause  public 
safety  and  health  problems. 

Historically,  abandoned  wells  have  been 
discovered  in  the  woods,  along  roadsides,  and  in 
residential  yards,  playgrounds,  and  parking  lots. 
They've  even  been  discovered  inside  buildings, 
and  underwater  in  wetlands,  streams  and  ponds. 


2008  Status  Report 

Abandoned,  unreported  and  inactive  wells 
continued  to  be  a  problem  despite  high  oil  and 
gas  prices.  In  2008  a  total  of  284  operators 
reported  3,071  wells  with  zero  production. 
Another  133  unreported  wells  are  considered 
abandoned.  This  is  in  addition  to  over  4,717 
orphan  wells  in  the  Department's  records. 
Enforcement  actions  have  reduced  the  number  of 
unreported  wells,  but  their  numbers  remain 
significant. 


NYS  DEC  -  Division  of  Mineral  Resources 


22 


Twenty-Fifth  Annual  Report 


New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Why  Do  We  Keep 

Finding  "New" 
Abandoned  Wells  ? 

Most  abandoned  wells  were 
drilled  many  decades  ago  so: 

•  they  were  not  registered  with 
the  State  and  there  are  often 
no  maps  available; 

•  surface  equipment  is  often 
gone  that  would  make  them 
easier  to  spot;  and 

•  they  may  be  hidden  by  thick 
underbrush,  standing  water, 
or  other  subsequent  uses  of 
the  land. 


DEC  has  at  least  partial  records  on  39,000  wells, 
but  estimates  that  over  75,000  oil  and  gas  wells 
have  been  drilled  in  the  State  since  the  1820s. 
Most  of  the  wells  date  before  New  York 
established  a  regulatory  program.  Many  of  these 
old  wells  were  never  properly  plugged  or  were 
plugged  using  older  techniques  that  weren't  as 
reliable  and  long-lasting  as  modern  methods. 

Every  year  while  conducting  scheduled  inspec- 
tions or  investigating  complaints,  DEC  staff 
discover  more  abandoned  wells.  Extensive 
courthouse  research  is  often  required  to  identify  a 
well's  previous  owners.  Many  of  these  cases  take 
several  years  to  resolve  as  DEC  pursues  legal 
action  against  the  responsible  parties. 

Oil  &  Gas  Account 

New  York  has  an  Oil  and  Gas  Account  which 
was  created  to  plug  problem  abandoned  wells.  It 
is  funded  by  a  $100  per  well  permit  fee;  at  the 
end  of  2008  the  balance  was  $377,824.  DEC  has 
over  600  wells  on  its  priority  plugging  list.  Since 
the  funds  are  insufficient  to  plug  all  the  priority 
wells,  DEC  continues  to  pursue  other 
mechanisms  to  plug  abandoned  wells. 

DEC-Coordinated  Plugging  Efforts 

In  2008  Division  staff  worked  on  Oil  and  Gas 
Account  contracts  for  two  major  plugging 
projects  involving  abandoned  oil  wells.  One  was 
a  $190,000  contract  to  plug  45  wells  on  the 
Thornton-Bradley  and  Warfield  leases  in  the 
Town  of  Alma,  Allegany  County.  The  wells  were 
in  an  advanced  state  of  disrepair.  The  plugging 
contract  was  formally  approved  in  2008,  but  field 
crews  to  perform  the  work  could  not  be  scheduled 
until  the  spring  of  2009. 

The  other  project  involved  a  $150,000  contract  to 
plug  25  wells  on  the  Knox  Lease  in  Cattaraugus 
County.  The  wells  were  causing  water  supply 
contamination  problems.  Thirteen  of  the  25  wells 
on  the  Knox  Lease  were  plugged  in  2007  and  the 
remaining  12  were  plugged  in  early  2008. 
During  the  2008  plugging  activity,  4  other 
abandoned  wells  were  discovered  and 
subsequently  plugged.  For  these  4  wells,  the 


Division  used  Environmental  Benefit  Project 
funds  from  an  unrelated  settlement  with  Bath 
Petroleum  Storage,  Inc. 

Division  staff  continued  working  with  the  U.S. 
Environmental  Protection  Agency  (USEPA)  and 
the  U.S.  Coast  Guard  (USCG)  to  plug  wells  with 
federal  funds  from  the  Oil  Pollution  Act  of  1990. 
This  money  can  be  used  for  wells  that  leak  oil  or 
threaten  to  leak  oil  to  the  navigable  waters  of  the 
United  States. 

As  a  direct  result  of  DEC  staff  efforts,  USEPA 
has  undertaken  several  plugging  projects  in  New 
York  State.  In  2008  USEPA  focused  on  the 
Moore  Lease  in  the  Town  of  Bolivar,  Allegany 
County.  DEC  had  previously  plugged  the  43 
highest-priority  wells  on  the  lease  with  a 
$100,000  settlement  from  the  estate,  but  lacked 
the  funds  to  tackle  the  remaining  182  wells.  In 
2008  USEPA  plugged  78  of  the  wells  and  agreed 
to  continue  the  project  in  2009.  The  abandoned 
and  leaking  wells  on  this  lease  had  been  the 
subject  of  DEC  enforcement  actions  for  decades. 
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Map  5  -  Underground  Gas  Storage  and 
Solution  Salt  Mining  Fields,  2008 


Well  Type 

•  Solution  Mining 
A     LPG  Storage 

•  Natural  Gas  Storage 
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Underground  Gas  Storage 


In  2008  there  were  24  natural  gas  and  3  liquefied 
petroleum  gas  underground  storage  facilities 
operating  in  10  counties  in  the  western  and  cen- 
tral parts  of  New  York  State. 

Natural  Gas  Storage 

At  year-end  2008  the  combined  total  capacity  of 
all  the  underground  natural  gas  storage  fields  in 
New  York  State  was  223.3  bcf  and  the  maximum 
deliverability  per  day  was  2.13  bcf.  Working  gas 
capacity  was  1 12.7  bcf.  Operators  reported  that 
these  storage  fields  were  79%  full  at  the  end  of 
the  year,  with  176.0  bcf  in  storage. 

Seven  different  companies  operate  the  24  under- 
ground natural  gas  storage  fields  in  New  York 
State,  with  over  half  owned  by  National  Fuel  Gas 
Supply.  Twenty-three  of  the  facilities  use 
depleted  natural  gas  reservoirs  in  the  Onondaga, 
Oriskany  and  Medina  formations  and  the  remain- 
ing one  uses  a  solution-mined  cavern  in  the  Syra- 
cuse salt  formation.  These  formations  range  in 
depth  from  1,500  to  5,000  feet  below  the  earth's 
surface. 

In  2008  Division  staff  received  an  application  for 
a  permit  modification  for  the  Thomas  Corners 
storage  field  in  Steuben  County.  The  facility  was 
originally  permitted  by  the  Department  in  1996, 
but  was  never  placed  in  service.  Ownership  of  the 
facility  was  transferred  to  Arlington  Storage 
Company,  LLC  (ARS)  in  2007.  The  Thomas  Cor- 
ners storage  field  is  projected  to  be  in  service  in 
2009  after  additional  state  and  federal  review  and 
site  construction. 

Liquefied  Petroleum  Gas  Storage 

New  York's  three  liquefied  petroleum  gas  (LPG) 
underground  storage  facilities  are  located  in  Cort- 
land, Steuben  and  Schuyler  counties.  At  year's 
end  Department  records  showed  Inergy  Mid- 
stream, LLC  (Inergy)  as  the  owner  of  the  facility 
in  Steuben  County  and  TE  Products  Pipeline 
Company,  LLC  (TEPPCO)  as  the  owner  of  the 
facilities  in  Cortland  and  Schuyler  counties. 


TEPPCO  purchased  the  facility  formerly  owned 
by  New  York  LP  Gas  Storage,  Inc.  (NYLPG)  in 
Cortland  County,  and  Division  staff  approved  the 
transfer  of  the  facility's  underground  storage 
permit  in  February  2007.  At  year-end  2008  total 
LPG  capacity  of  the  three  facilities  was  150.90 
million  gallons,  while  product  in  storage  was 
33.25  million  gallons. 

LPG  is  stored  in  underground  caverns  excavated 
in  the  shales  of  the  Genesee  Group  at  the  TEP- 
PCO facility  in  Schuyler  County,  and  solution- 
mined  out  of  the  Salina  Group  salt  formations  at 
the  other  two  facilities.  The  Salina  Group  salt 
formations  are  the  same  rock  units  mined  by  New 
York's  five  solution  mining  facilities. 

In  2005  the  Department  and  Bath  Petroleum  Stor- 
age, Inc.  (BPSI)  executed  an  Order  on  Consent 
regarding  the  LPG  facility  in  Steuben  County.  As 
the  current  owner,  Inergy  assumed  responsibility 
for  BPSI's  legal  obligations,  including  the  re- 
quirement to  fund  an  Environmental  Benefit  Pro- 
ject to  plug  orphaned  wells.  By  the  end  of  2008 
Inergy  had  paid  $275,000  into  a  dedicated  ac- 
count. 

Permit  Applications 

In  2008  Division  staff  were  also  engaged  in  re- 
viewing four  other  permit  applications  submitted 
during  previous  years.  The  applications  included 
three  from  National  Fuel  Gas  Supply  Corp. 
(NFGSC)  and  one  from  Inergy  (originally  sub- 
mitted by  BPSI). 

In  addition  to  conducting  its  own  review  of  the 
underground  natural  gas  storage  projects,  the 
Department  routinely  participates  as  a  cooperat- 
ing agency  in  the  Federal  Energy  Regulatory 
Commission's  (FERC)  permitting  process. 
Division  staff  provide  input  to  FERC  for  Environ- 
mental Assessments  and  accompany  FERC 
reviewers  on  site  visits.  However,  FERC 's  juris- 
diction is  limited  to  interstate  natural  gas  facili- 
ties, so  FERC  was  not  involved  in  the  above- 
mentioned  permit  for  Inergy 's  LPG  project. 
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Solution  Salt,  Geothermal  and  Stratigraphic  Wells 


While  oil  and  gas  wells  are  the  best  known  part  of  the  Division's  regulatory  program,  several 
other  types  of  wells  drilled  in  a  similar  fashion  are  subject  to  permit  requirements.  Solution  min- 
ing wells  have  been  drilled  into  New  York's  underground  salt  beds  since  the  1800s;  the  wells 
inject  fresh  water  and  bring  up  brine.  Permits  for  solution  mining  wells  include  special  drilling, 
operating  and  plugging  requirements  tailored  to  that  industry. 

The  Division  also  regulates  geothermal  and  stratigraphic  wells  over  500  feet  deep.  Geothermal 
wells  play  an  important  role  in  energy  conservation.  Stratigraphic  wells  provide  essential  infor- 
mation on  underground  rock  formations  and  subsurface  conditions. 


Solution  Salt 

New  York's  five  solution  salt  mining  facilities, 
operated  by  U.S.  Salt,  Cargill,  Morton,  Texas 
Brine,  and  Occidental  Chemical,  produced  1.93 
billion  gallons  of  brine  in  2008,  a  decrease  of  2% 
from  2007.  Three  of  the  solution  mining  facilities 
are  located  in  Wyoming  County  and  the  other  two 
are  in  Schuyler  County. 

In  2008  solution  mining  operators  submitted  12 
drilling  permit  applications,  compared  to  13  ap- 
plications in  2007.  Seven  solution  mining  wells 
were  plugged  in  2008. 

The  value  of  New  York's  solution  salt  mining 
production  is  estimated  at  over  $100  million.  For 
years  New  York  has  ranked  third  nationally  in 
total  volume  of  salt  production  (combined  brine 
and  rock  salt). 

Geothermal 

At  year-end  2008  the  State  had  90  geothermal 
wells  that  required  drilling  permits  from  the  Divi- 
sion of  Mineral  Resources  because  they  were 
deeper  than  500  feet.  While  a  few  deep  geother- 
mal wells  can  be  found  scattered  around  the  Capi- 
tal District,  central  New  York  and  the  Adiron- 
dacks,  the  majority  are  in  the  New  York  City 
area. 

In  2008  the  Division  received  24  geothermal  well 


drilling  applications  and  issued  22  permits,  all  in 
New  York  City  or  Westchester  County. 

Stratigraphic 

The  Division  received  13  drilling  permit  applica- 
tions for  stratigraphic  wells  in  2008  and  issued  12 
permits  before  the  end  of  the  calendar  year. 

Uses  for  Geothermal  Wells 


Geothermal/geo-exchange  wells  regulated  by 
DEC  (deeper  than  500  feet)  have  been  drilled 
to  heat  and  cool  a  wide  range  of  buildings: 

•  Residential  and  Commercial  Projects 

•  Education  Center 

•  Fashion  Design  Studio 

•  Historic  Buildings 

•  Library 

•  Lion  House  at  the  Bronx  Zoo 

•  Museum/  Research  Facility 

•  Religious  Seminary 
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Carbon  Capture  and  Storage 


The  Division  of  Mineral  Resources  did  not 
receive  any  applications  for  carbon  capture  and 
storage  or  geologic  sequestration  projects  in 
2008.  In  fact  no  such  projects  currently  exist  in 
New  York  State.  However,  there  is  much 
industry,  government  and  public  interest  in  this 
concept  as  one  possible  means  to  reduce  global 
warming  from  C02  generation  and  release. 

Regional  Partnership 

The  diversity  of  carbon  dioxide  (C02)  sources 
and  storage  options  throughout  the  country 
demands  region-specific  strategies.  The  U.S. 
Department  of  Energy  has  created  a  network  of 
seven  Regional  Carbon  Sequestration 
Partnerships  to  help  develop  the  infrastructure 
and  knowledge  base  needed  to  jump-start 
commercialization  of  CS  technologies. 

New  York  State  is  a  member  of  the  Midwest 
Regional  Carbon  Sequestration  Partnership 
(MRCSP)  which  is  composed  of  state  agencies, 
universities,  private  companies  and  non- 
governmental organizations.  The  region  includes 
New  York,  Ohio,  Indiana,  Kentucky,  West 
Virginia,  Maryland,  Pennsylvania  and  Michigan. 
MRCSP  is  assessing  carbon  sequestration 
technologies  suited  to  the  region,  identifying  and 
evaluating  appropriate  storage  locations,  and 
raising  awareness  of  CSS  issues.  The  group  is 
also  investigating  the  recovery  efficiencies  of 
various  C02  extraction  and  sequestration  methods 
in  an  effort  to  reduce  fuel  use  and  lower  project 
costs. 

Work  done  in  2008  by  the  Division  of  Mineral 
Resources  supported  the  efforts  of  other  New 
York  State  agency  members,  including  the  New 
York  State  Energy  Research  and  Development 
Authority  and  the  New  York  State  Museum. 

New  York's  Potential 

Once  the  C02  has  been  captured  at  its  source  and 
transported  by  pipeline,  it  would  then  be  injected 
and  stored  safely  in  deep  underground  geologic 


Important  Terms 

C02  is  carbon  dioxide. 

Carbon  Capture  and  Storage  (CCS) 
means  capturing  C02  from  large  point 
sources,  such  as  fossil  fuel  power 
plants,  and  storing  it,  primarily  in  geo- 
logic formations,  instead  of  releasing 
it  into  the  atmosphere. 

Carbon  Sequestration  (CS)  is  the 
term  for  a  broader  class  of  techniques 
to  capture  and  permanently  sequester, 
or  store,  C02  through  biological, 
chemical,  or  physical  processes.  It 
includes  CCS  defined  above. 


formations  located  more  than  a  half  mile  below 
the  earth's  surface.  In  New  York  State  saline 
(salt-water  filled)  formations  show  the  greatest 
promise  of  providing  suitable  underground 
storage  sites  with  the  ability  to  adequately  contain 
the  C02.  Not  all  reservoirs  would  be  suitable, 
however.  A  formation's  ability  to  accept  the  C02 
at  a  sufficient  injection  rate  is  one  of  the  primary 
considerations  when  siting  a  potential  CCS 
project. 

The  wells  needed  to  inject  C02  into  such 
reservoirs  would  be  very  similar  to  wells  the 
Division  of  Mineral  Resources  already  regulates 
at  underground  natural  gas  storage  facilities. 
Environmental  protection  and  public  safety  are 
the  Division's  focus  in  permitting  the  drilling, 
construction  and  operation  of  underground 
natural  gas  storage  wells  and  facilities.  The  same 
in-depth  review  and  oversight  would  be  required 
for  any  proposed  carbon  sequestration  project. 
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Making  Our  Information  Easy  to  Use 


Detailed  Data  at  Your  Fingertips 

Visitors  to  our  website  can  easily  access  data  on 
both  mines  and  wells  through  our  searchable 
databases.  The  mining  database,  which  went  live 
in  2008,  can  be  found  at  http://www.dec.ny.gov/ 
cfmx/extapps/MinedLand/  .  You  can  search  on 
over  20  different  parameters  and  find  information 
on  over  3,700  mines  and  1,800  mining-related 
companies.  For  the  commodities  parameter, 
choose  from  30  different  products  to  search 
(bluestone,  sand  and  gravel,  granite,  etc.)  and 
then  further  refine  the  search  by  county  or  town, 
mine  name,  operator  name,  or  several  other 
choices. 

The  searchable  oil  and  gas  database  can  be  found 
at  http ://w w w . dec  .ny .  gov/cf mx/extapps/GasOil/  . 
Here  you  can  search  over  39,000  wells  and  1,000 
oil  and  gas  producing  companies.  The  wells  data 
covers  company,  well  type,  permitting  and 
drilling  history,  well  completion,  objective  and 
producing  formations,  field  designations,  spacing 
status  and  more.  Search  by  geologic  formation, 
find  out  how  much  oil  or  gas  a  well  has  produced, 
and  even  check  the  transfer  history  of  the  well. 

You  can  also  see  all  these  wells  and  mines  on  a 
map  using  Minerals  Mapper  at 
http://www.dec.ny.gov/imsmaps/minerals/ 
viewer.htm  .  This  interactive  site  allows  visitors 
to  produce  maps  of  regulated  mines  and  wells, 
along  with  other  major  geographic  features  such 
as  town  boundaries,  roads,  railways,  stream  and 
lakes,  etc. 

The  two  searchable  databases  and  the  mapping 
system  are  updated  nightly,  so  they  always 
provide  current  information. 

The  Division  of  Mineral  Resources  has  been  a 
strong  user  of  technology  for  years.  In  the  early 
1980s  the  Division  began  computerized  tracking 
of  the  wells  and  mines  we  regulate.  The  system 
initially  included  information  just  on  new 
permits,  but  has  expanded  over  the  years  to 
include  more  than  39,000  wells  dating  back  to  the 


1800s  and  close  to  5,700  mines  in  operation  since 
the  Mined  Land  Reclamation  Law's  effective 
date  of  1975.  Early  data  management  systems  for 
both  programs  were  developed  in-house. 

Since  1998  the  Division  has  worked  with  the 
Ground  Water  Protection  Council  (GWPC), 
which  is  a  nationwide  organization  that  includes 
many  oil  and  gas  producing  states.  The  GWPC 
works  to  promote  groundwater  protection  and 
also  provides  technical  assistance  to  member 
states.  One  project,  developed  with  funds  from 
the  U.S.  Department  of  Energy,  is  a  common 
database  platform  called  a  Risk  Based  Data 
Management  System  (RBDMS).  In  2001  the 
Division  developed  a  similar  RBDMS-type 
database  for  the  Mined  Land  Reclamation 
Program.  This  way  both  of  our  regulatory 
databases  are  similar  in  their  operation  and 
features.  These  databases  greatly  assist  our 
oversight  of  the  respective  industries.  Increased 
efficiency  provides  Division  staff  with  faster 
access  to  and  more  effective  use  of  information 
for  permit  reviews  and  inspections. 

Other  Resources  on  our  Website 

Both  the  Mined  Land  site  at  http:// 
www .  dec  .ny .  go v/lands/5020.html  and  Oil  and 
Gas  at  http : //www .  dec .  ny .  go v/ener gy /205 . html 
have  extensive  information  for  regulated  parties, 
local  governments,  and  the  public.  Both 
industries  can  find  guidance  and  resources  related 
to  the  regulatory  process.  The  public  and  local 
governments  can  also  use  the  website  to  learn 
about  the  Division's  environmental  protection 
requirements.  Kids  and  teachers  can  find  fun 
educational  information. 

The  Convenience  of  Electronic  Reporting 

Since  1990  the  Division  has  accepted  electronic 
submission  of  operators'  annual  well  reports  of 
gas  and  oil  production.  This  is  a  time-saving 
convenience  both  for  operators  and  Division  staff. 
The  Division  is  now  working  toward  accepting 
electronically  submitted  permit  applications. 
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2008  New  York  Mined  Land  Reclamation  Program 

At  a  Glance 


Active  Mines 
2,166 


Approx.  Value 
$1.3  Billion 


Affected  &  Reclaimed  Land 

Net  Affected  Acreage  49,076 
Life-of-Mine  Acreage  119,183 

Reclaimed,  2008  1,842 
Reclaimed  Since  1975  28,520 


U.S.  Quantity 

Rank 

Wollastonite 

1st 

Garnet 

1st 

Salt,  Peat 

3rd 

Talc,  Zinc 

4th 

Common  Mine 

Types 

Sand  &  Gravel 

1,734 

Limestone 

80 

Bluestone 

83 

Sandstone 

26 

Owner  Type 

Industry 

1,708 

Government 

458 

-    Local  Govt. 

444 

-    State  Govt. 

14 

Financial  Security 

For  Reclamation 

$167,506,136 


Annual  Regulatory  Fees 
$2,837,900 


Regulated  Vs.  Unregulated  Mines 

DEC's  statistics  in  this  Annual  Report 
cover  only  mines  regulated  under  the 
Mined  Land  Reclamation  Law.  New 
York  also  has  many  unregulated  mines 
(active  &  abandoned)  that  are  not  under 
the  law's  jurisdiction.  Most  of  these  are 
small  mines  and/or  mines  that  predate  the 
1975  law. 


A  permit  is  required  under  the  Mined 
Land  Reclamation  Law  if  the  following  is 
removed: 

♦  More  than  1,000  tons  or  750  cubic  yards 
of  minerals  in  any  12  successive  months 

♦  More  than  100  cubic  yards  of  minerals  in 
or  adjacent  to  any  waterbody  not  classi- 
fied as  "protected"  by  ECL  Article  15. 

Lands  affected  by  mining  before  1975  and 
not  re-affected  by  later  mining  are  exempt. 
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Mined  Land  Reclamation  Program  Overview 


Types  of  Mines  in  New  York 


Geographic  Distribution  of  Mines 


In  2008  New  York  had  2,166  active  mines.  The 
vast  majority  of  these  mines  produced  sand  and 
gravel  or  other  surficial  deposits  such  as  glacial 
till,  clay  or  topsoil.  There  were  286  hardrock 
mines  producing  material  ranging  from  bluestone, 
limestone,  shale  and  salt,  to  less  common  prod- 
ucts such  as  wollastonite  and  talc.  Most  of  New 
York's  hardrock  mines  are  surface  quarries,  but 
there  are  a  few  permitted  underground  mines. 

Permits  Issued  in  2008 

Sand  and  gravel  mines  were  the  most  common 
type  of  mine  permitted  in  2008  (see  Table  9).  The 
Division  issued  37  permits  for  new  mines  and 
585  renewals  or  modifications,  for  a  total  of  622 
permits  (see  Table  10).  The  high  number  of  per- 
mit modifications  in  2008  was  due  to  DEC's  de- 
cision to  standardize  blasting  requirements  state- 
wide by  modifying  permits  for  158  mines. 

Mining  permits  are  issued  for  terms  of  five  years 
or  less  and  may  be  renewed.  A  renewal  permit 
allows  continued  operation  of  the  mine  within 
approved  limits.  A  modification  permit  authorizes 
changes,  such  as  addition  of  processing  equip- 
ment or  expansion  of  the  mine's  surface  area  or 
depth  beyond  the  original  approved  limits.  Table 
12  starting  on  page  33  gives  a  more  detailed 
breakdown  of  permits  by  county. 


Table  9  -  New  Mines,  2008 

Sand  &  Gravel 

29 

Clay 

2 

Dolostone,  Lime- 
stone, Shale,  Peat, 
Topsoil,  Bluestone 

1 

each 

Bluestone  Explora- 
tion Authorization 

7 

Map  5  on  page  30  shows  that  mines  can  be  found 
statewide;  in  2008  there  were  active  mines  in  57 
of  New  York's  62  counties.  However,  the  map 
does  not  convey  the  relatively  small  percentage  of 
the  State's  land  surface  devoted  to  mining. 

The  wide  variation  in  county  size  means  compari- 
sons of  the  acreage  under  permit  in  each  county 
can  be  misleading.  For  example,  St.  Lawrence, 
the  State's  largest  county  with  an  area  of 
1,718,848  acres,  has  an  area  15  times  larger  than 
Rockland  County.  While  St.  Lawrence  County 
had  a  relatively  high  total  of  2,1 12  net  affected 
acres  under  mining  permit  in  2008,  that  repre- 
sented just  0.12%  of  the  county's  land.  Table  1 1 
ranks  counties  by  the  percent  of  their  land  surface 
under  permit.  It  shows  that  mining  activity  is  con- 
centrated near  heavily  populated  areas  since  they 
require  larger  quantities  of  mineral  resources  for 
roads  and  buildings. 

In  2008  just  7  counties  had  more  than  0.30%  of 
their  land  surface  under  a  mining  permit  (Albany, 
Dutchess,  Genesee,  Onondaga,  Ontario,  Rensse- 
laer, Rockland)  with  a  range  of  0.30  to  0.41%. 
For  most  of  the  counties  with  active  mines,  less 
than  0.25%  of  their  land  was  affected. 


Table  10  -  Permits,  2004  -  2008 

2004 

2005 

2006 

2007 

2008 

New  Permits 

55 

66 

47 

46 

37 

Renewals  & 
Modifications 

420 

345 

327 

326 

585* 

Total  Permits 

475 

411 

374 

372 

622 

*  158  permit  modifications  were  initiated  by  DEC 
to  standardize  blasting  requirements. 

New  Exploration  Authorizations  in  2008  for  temporary  bluestone 
sites  that  may  become  full-fledged  permitted  mines  in  the  future. 
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Owner  Type 

In  2008  industry  operated  1,708  mines  or  slightly 
over  three-fourths  of  the  mines  in  New  York 
State. 

In  2008  there  were  49  county-owned  mines  and 
395  belonging  to  towns,  villages  and  other  small 
local  government  entities.  New  York  State  agen- 
cies also  operate  14  mines.  Most  of  the  govern- 
ment mines  belong  to  highway  departments 
which  use  the  material  for  road  maintenance. 

In  addition  to  owning  roughly  one-fifth  of  the 
mines  in  New  York  State,  government  agencies  at 


all  levels  purchase  significant  quantities  of  sand, 
gravel  and  other  aggregates  from  commercial 
mines. 

Annual  Regulatory  Fees 

In  2008  the  Division  collected  $2,837,900  in  an- 
nual regulatory  fees.  Acreage-based  fees  are  col- 
lected for  individual,  industry  and  state-owned 
mines.  County,  town,  village  and  other  local  gov- 
ernment mines  are  exempt.  The  fees  support  the 
mined  land  regulatory  program.  Database  en- 
hancements now  allow  staff  to  more  closely 
monitor  payment  histories,  review  compliance, 
and  conduct  fee  enforcement. 


Mine 
Ownership 


Table  11  - 

Counties  with  Highest  Percentage  of  Land 

Under  Mining  Permit,  2008 

County 

Population  Ctr. 

Active 

Net  Affected 

Land 

Nearby 

Mines 

Acreage 

Percent 

Genesee 

Buffalo 

24 

1,319 

0.41% 

Rensselaer 

Capital/Tri-City 

60 

1,706 

0.40% 

Onondaga 

Syracuse 

41 

1,991 

0.39% 

Ontario 

Rochester 

43 

1,550 

0.37% 

Albany 

Capital/Tri-City 

18 

1,210 

0.35% 

Rockland 

New  York  City 

4 

433 

0.34% 

Dutchess 

New  York  City 

58 

1,643 

0.31% 

Saratoga 

Capital/Tri-City 

62 

1,591 

0.29% 
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Trends  in  Mine  Size  and  Number 


Mine  Acreage  Types  and  Statistics 


Mine  renewal  and  modification  permits  issued  in 
2008  ranged  in  size  from  1  to  839  acres.  How- 
ever, new  mines  tend  to  be  smaller;  85  percent  of 
new  mines  permitted  in  2008  were  10  acres  or 
less  in  size.  The  largest  new  mine  was  the  68-acre 
Presho  Sand  &  Gravel  Mine  in  Steuben  County. 

Table  13  gives  2003-2008  size  range  information 
for  all  active  mines.  The  number  of  large  mines 
has  been  increasing  over  time,  while  the  number 
of  small  mines  has  been  decreasing.  This  is  be- 
cause many  operators  are  expanding  or  combin- 
ing existing  mines  rather  than  seeking  permits  for 
new  ones. 

The  minor  projects  in  the  first  row  of  the  table 
are  always  less  than  5  acres  in  size.  They  are 
subject  to  a  simpler  review  process,  but  must 
comply  with  very  strict  criteria  to  be  considered 
minor:  minimum  setbacks  from  homes  and  sur- 
face waters;  a  maximum  20-foot  mine  depth;  no 
mining  below  water  table;  no  hardrock 
(consolidated  material)  mining;  and  no  on-site 
processing  equipment,  such  as  washing  or  crush- 
ing machines. 


Net  Affected  Acreage  -  Net  affected  acreage  is 
the  total  affected  acreage  covered  under  succes- 
sive mined  land  permits  for  the  site  minus  the 
acreage  reclaimed  over  the  years.  In  2008  the  to- 
tal affected  land  authorized  for  mineral  extraction 
under  current  mined  land  reclamation  permits 
was  49,076  acres. 

Life-of-Mine  Acreage  -  This  is  the  total  area  that 
has  been  subject  to  DEC's  environmental  review. 
It  covers  acreage  mined  under  past  permits,  the 
current  permit,  and  acreage  that  the  operator  in- 
tends to  mine  under  future  permits.  It  also  in- 
cludes all  reclaimed  acreage  at  the  site.  In  2008 
the  statewide  total  for  life-of-mine  area  was 
119,183  acres. 

Reclaimed  Acres  -  In  2008  the  Division 
approved  final  reclamation  of  637  acres  at  74 
closed  mines  and  concurrent  reclamation  of  1,205 
acres  at  97  operating  mines.  Table  14  on  page  38 
summarizes  2008  reclamation  by  county.  Since 
1975  a  total  of  28,520  acres  of  mined  land  have 
been  reclaimed,  including  1,842  acres  reclaimed 
in  2008. 


Table  13  -  Range  of  Existing  Mine  Sizes,  2003  - 

2008* 

2003 

2004 

2005 

2006 

2007 

2008 

Minor  Projects 

80 

78 

81 

80 

88 

69 

0  to  5  Acres 

751 

712 

683 

652 

651 

636 

>5  to  10  Acres 

549 

532 

531 

531 

509 

493 

>10  to  20  Acres 

446 

442 

439 

439 

431 

437 

>20  to  30  Acres 

172 

179 

179 

169 

166 

171 

>30  Acres 

319 

329 

336 

344 

358 

360 

Total  Mines 

2,317 

2,272 

2,249 

2,215 

2,203 

2,166 

*  Net  Affected  Acres 


NYS  DEC  -  Division  of  Mineral  Resources 


35 


Twenty-Fifth  Annual  Report 


New  York  State  Oil,  Gas  and  Mineral  Resources,  2008 


Reclamation  and  Financial  Security 


Reclaimed  Land  Uses 

Final  uses  of  mined  land  can  vary  considerably 
depending  on  location,  size  and  depth  of  the  site; 
surrounding  land  uses;  and  local  zoning.  Farm- 
land and  pasture  are  two  of  the  most  common 
reclamation  objectives  in  New  York  State,  but 
mined  land  is  also  reclaimed  to  residential,  for- 
estry, wildlife,  recreational,  commercial  and  in- 
dustrial uses.  Once  the  Division  permits  a  pro- 
posed reclamation  objective  in  a  mined  land  rec- 
lamation plan,  the  mine  operator  needs  a  permit 
modification  to  change  it. 

Reclamation  takes  two  forms  based  on  timing  of 
the  work  -  concurrent  or  final.  Concurrent  recla- 
mation is  reclamation  of  an  affected  or  mined-out 
area  while  resources  are  still  being  extracted  from 
other  parts  of  the  mine  site. 

The  Division  strongly  promotes  concurrent  recla- 
mation, particularly  for  mines  over  10  acres  in 
size.  Concurrent  reclamation  has  a  number  of  ad- 
vantages. Chief  among  these  are  the  reduced  po- 
tential for  negative  environmental  impacts  (dust, 
erosion,  sedimentation)  and  the  improved  percep- 
tion of  the  mine  by  the  surrounding  community. 
See  Table  14  on  page  38  for  a  breakdown  of  rec- 
lamation type  by  county. 

Financial  Security 

Municipal  and  other  government  operations  are 
exempt  from  financial  security  requirements. 
However,  mine  operators  from  the  private  sector 
are  required  to  post  financial  security  to  guarantee 
reclamation  of  their  mines.  At  the  end  of  2008  the 
Division  held  roughly  $167.5  million  in  financial 
security,  an  increase  of  $28  million  from  2007. 

In  the  rare  case  where  a  mine  operator  fails  to 
reclaim  a  mine,  the  Division  calls  the  financial 
security  and  reclaims  the  land.  However,  staff 
noted  that  bonding  levels  were  not  keeping  pace 
with  rising  reclamation  costs.  In  2006  the  Divi- 
sion studied  the  issue  and  adopted  a  more  detailed 
system  of  assessing  reclamation  costs.  Since  2006 


the  Division  has  used  the  new  methodology  to 
calculate  the  required  bonds  for  all  new  permits, 
permit  renewals,  modifications  and  transfers.  Rec- 
lamation estimates  completed  in  2008  averaged 
$4,638  per  acre.  As  more  permits  come  up  for 
renewal,  the  statewide  average  is  expected  to  rise 
to  $5,000-$6,000  per  acre  over  the  next  few  years. 

DEC  Reclamation  of  Abandoned  Mines 

In  2008  DEC  Region  7  Division  of  Operations 
staff  completed  reclamation  of  the  PA  Stone  Store 
Sanford  Quarry  in  the  Town  of  Sanford,  Broome 
County.  The  mine  was  reclaimed  using  $10,000  in 
financial  security  seized  by  the  Division  of  Min- 
eral Resources.  The  poor  condition  of  the  haul 
road  made  the  site  practically  inaccessible  to  mo- 
torized vehicles  and  required  significant  work  be- 
fore reclamation  could  proceed.  Operations  staff 
started  the  reclamation  project  in  2007  and  re- 
turned to  the  site  to  hydroseed  and  mulch  the  af- 
fected areas  in  2008. 


Region  7  DEC  Operations  staff  reclaiming 
a  mine  with  financial  security  funds  seized 
by  the  Mined  Land  Program. 

In  2008  Region  7  Operations  staff  also  completed 
reclamation  of  the  abandoned  James  Kolba-Kline 
Mine  in  the  Town  of  Barker,  Broome  County. 
DEC  seized  the  mine  operator's  $20,000  in 
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financial  security  in  1994.  In  2001  Central  Office 
Mined  Land  staff  surveyed  the  site  and  prepared  a 
reclamation  work  plan  and  cost  estimate.  How- 
ever, for  various  legal  reasons  the  site  remained 
unreclaimed.  In  2008  Mined  Land  staff  were  fi- 
nally able  to  bring  the  problem  to  a  successful 
conclusion.  A  site  meeting  was  held  to  discuss  the 
project  among  Central  Office  and  Region  7 
Mined  Land  Staff,  Region  7  Division  of  Opera- 
tions staff  and  the  landowner.  Inspection  of  the 
site  revealed  that  a  significant  portion  of  the  land 
had  re  vegetated  naturally  and  was  stable.  While 
this  is  a  rare  occurrence,  it  reduced  the  size  of  the 
area  that  needed  reclamation  to  only  3.5  acres. 
Central  Office  staff  developed  a  revised  work 
plan  and  determined  that  the  $20,000  available 
would  be  adequate  to  cover  costs.  The  work  was 
completed  in  October  2008. 

2008  Reclamation  Highlights 

The  R.T.  Vanderbilt  Company  decided  to  close 
its  talc/tremolite  mines  in  St.  Lawrence  County  in 
2008.  The  closure  requires  reclamation  of  the 
Vanderbilt  open  pit  mines  located  in  the  Towns 
of  Fowler  and  Edwards.  Region  6  Mined  Land 
Staff  conducted  inspections  throughout  2008  and 
found  progress  satisfactory.  The  company  esti- 
mated that  it  will  take  a  total  of  6,000  hours  of 
work  to  complete  the  necessary  reclamation  ac- 
tivities. 

For  many  years  New  York  State  ranked  fourth  in 
the  nation  in  talc  production.  Talc/tremolite  is 
used  primarily  in  making  paint  and  ceramics.  The 
first  talc  mine  in  the  United  States  opened  in  1878 
on  a  farm  near  Talcville,  which  is  in  the  same 
area  as  the  mines  that  are  now  being  reclaimed. 

In  2008  work  continued  on  Maya  Lin's  Wave- 
field  Landform  at  the  Storm  King  Art  Center 
(SKAC)  in  Orange  County.  DEC  approved  this 
site-specific  earthwork  as  an  acceptable  reclama- 
tion use  of  a  former  gravel  pit  on  the  grounds  of 
the  outdoor  sculpture  park.  SKAC  is  home  to 
more  than  100  works  by  world-renowned  artists. 

In  October  Region  3  staff  met  with  the  contractor 
and  landscape  architect  to  review  minor  work  that 
needed  to  be  completed  prior  to  a  photo  shoot  for 


R.T.  Vanderbilt  Talc  Mine  No. 2  in  the  Town  of 
Fowler,  St.  Lawrence  County 


a  New  York  Times  article  that  was  published  in 
November  2008. 

Work  began  on  constructing  the  wavefield  in 
2007.  It  consists  of  12-  to  18-foot  high  "earthen 
swells"  in  seven  rows,  each  over  300  feet  long. 
The  undulating  hills  give  the  appearance  of  ocean 
waves  that  visitors  can  walk  into.  The  hills  were 
planted  with  native  grasses  and  scheduled  to  open 
to  the  public  in  2009,  once  the  vegetation  is  suffi- 
ciently established. 


The  Wavefield  near  completion  October 
2008;  the  "waves"  are  12  to  18  feet  high. 
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Table  14  -  Reclamation  Acreage  Summary  by  County1,  2008 


County  Concurrent 

Final  Total 

Albany 

5.2 

0 

5.2 

Allegany 

15.2 

52.1 

67.3 

Broome 

23.2 

107 

130.2 

Cattaraugus 

373.2 

13 

386.2 

Cayuga 

0 

26 

26 

Chautauqua 

2.7 

3 

5.7 

Chemung 

10 

0 

10 

Chenango 

0 

5 

5 

Clinton 

9.8 

3.3 

13.1 

Columbia 

14.2 

13 

27.2 

Cortland 

40.2 

8 

48.2 

Delaware 

0 

27 

27 

Dutchess 

92 

4 

96 

Erie 

45.8 

2  47.8 

Essex 

0 

0 

0 

Franklin 

8 

3 

11 

Fulton 

7.2 

0 

7.2 

Genesee 

4 

0 

4 

Greene 

8.7 

0 

8.7 

Hamilton 

0 

4.3 

4.3 

Herkimer 

10 

2  12 

Jefferson 

17.3 

10.7 

28 

Lewis 

0 

7 

7 

Livingston 

0 

23.1 

23.1 

Madison 

0 

0 

0 

Monroe 

125 

65 

190 

Montgomery 

0 

0 

Niagara 

66.5 

0  66.5 

Nassau 

0 

0 

0 

County 

Concurrent 

Final 

Total 

Oneida 

21.8 

12 

33.8 

Onondaga 

29 

6.3 

35.3 

Ontario 

18.3 

22 

40.3 

Orange 

4.5 

47.5 

52 

Orleans 

3 

0 

3 

Oswego 

4 

0 

4 

Otsego 

9.6 

22.6 

32.2 

Putnam 

0 

2 

2 

Rensselaer 

15.4 

23 

38.4 

Rockland 

0 

0 

0 

Saratoga 

60.8 

5 

65.8 

Schenectady 

0 

0 

0 

Schoharie 

0 

0 

0 

Schuyler 

0 

0 

0 

Seneca 

0 

0 

0 

St.  Lawrence 

41.3 

11.4 

52.7 

Steuben 

75.8 

19.1 

94.9 

Suffolk 

2 

2.1 

4.1 

Sullivan 

10 

0 

10 

Tioga 

0 

17 

17 

Tompkins 

0 

0 

0 

Ulster 

13.5 

54 

67.5 

Warren 

0 

0 

0 

Washington 

18 

9.1 

27.1 

Wayne 

0 

6 

6 

Westchester 

0 

0 

0 

Wyoming 

0 

0 

0 

Yates 

0 

0 

0 

Five  counties  that  do  not  have  DEC-regulated  mines 
are  not  included  in  this  table. 
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Compliance  and  Enforcement 


Inspections 

In  2008  Mined  Land  staff  performed  2,417  mine 
inspections  and  traveled  89,964  miles.  Staff  in- 
spect mine  sites: 

•  during  permit  application  review; 

•  during  operation  for  general  compliance; 

•  to  ensure  that  violations  are  remediated; 

•  to  ensure  that  reclamation  meets  require- 
ments; and 

•  to  investigate  complaints. 
Violations  and  Fines 

Violations  are  handled  with  a  mixture  of  enforce- 
ment tools,  remediation  requirements  and  penal- 
ties. In  2008  the  Mined  Land  Program  collected 
$815,600  in  fines  and  penalties  for  44  cases. 

Significant  Legal  Cases 

In  October  2007  Region  1  Mined  Land  staff  dis- 
covered that  60,000  cubic  yards  of  material  had 
been  illegally  removed  from  the  buffer  area  of  a 
mine  in  the  community  of  Kings  Park,  Town  of 
Smithstown,  Suffolk  County.  In  2008  a  penalty  of 
$275,000  was  assessed  against  the  permittee.  In 
addition,  the  operator  must  reclaim  the  affected 
area. 

Region  1  Mined  Land  staff  discovered  that  a 
mine  in  the  Town  of  Brookhaven,  Suffolk 
County,  had  been  extended  outside  of  the  ap- 
proved life-of-mine  limits.  The  permittee  agreed 
to  a  $400,000  penalty,  with  $100,000  payable  and 
$300,000  suspended  if  no  further  violations  occur 
at  the  mine.  The  mineral  resources  at  the  site  are 
exhausted  and  reclamation  is  required. 

Region  1  staff  aided  an  Assistant  Attorney  Gen- 
eral in  preparing  an  affidavit  opposing  a  request 
from  the  Town  of  Riverhead  for  a  Temporary 
Restraining  Order  in  the  Island  Water  Park  case. 
The  company  requested  a  permit  modification  to 
create  two  lakes  for  water  skiing  when  the  mine  is 


reclaimed.  This  would  be  a  significant  change 
from  the  original  plan  approved  in  the  permit. 
The  Town  of  Riverhead  requested  lead  agency 
status,  but  the  Commissioner  granted  it  to  DEC, 
so  the  Town  tried  other  legal  measures  to  stop  the 
review  process. 

At  year-end  2008  Region  3  staff  were  negotiating 
a  settlement  with  an  operator  over  violations  at 
mines  in  Dutchess  and  Rockland  counties.  At  the 
Dutchess  County  site,  broken  slurry  lines  released 
sediment-laden  water  into  the  Hudson  River.  At 
the  Rockland  County  mine  there  were  also  sev- 
eral violations  associated  with  relocation  of  the 
settling  ponds  and  primary  crusher.  The  company 
overexcavated  26,000  cubic  yards  of  material 
from  the  new  crusher  location.  Numerous  SPDES 
violations  resulted  in  turbidity  in  the  Hackensack 
River  and  disruption  of  the  Village  of  Nyack  wa- 
ter supply. 

For  over  20  years  Region  6  has  been  involved 
with  a  landowner  in  the  Town  of  Lawrence,  St. 
Lawrence  County  for  various  violations  includ- 
ding  illegal  mining  and  operating  a  solid  waste 
facility  without  a  permit.  Several  times  in  the 
past,  cases  brought  against  the  landowner  were 
either  dismissed  by  local  courts  or  very  minor 
penalties  were  imposed.  The  most  recent  trial  was 
finally  convened  in  2008,  three  and  a  half  years 
after  a  search  warrant  was  executed  to  gather  evi- 
dence to  confirm  aerial  surveillance.  In  the  in- 
terim there  were  several  adjournments,  two  failed 
attempts  to  seat  a  jury,  and  a  change  in  venue. 

Since  several  previous  administrative  actions  had 
failed  to  resolve  the  violations  at  the  site,  this 
time  Region  6  sought  criminal  charges.  The  land- 
owner was  charged  with  mining  without  a  permit, 
operating  a  solid  waste  facility  without  a  permit, 
and  three  additional  solid  waste  violations.  Unfor- 
tunately, during  the  trial  the  Assistant  District 
Attorney  was  unable  to  have  some  important  ae- 
rial photography  entered  into  evidence.  Subse- 
quently, the  landowner  was  found  guilty  of  the 
solid  waste  violations,  but  not  of  mining  without 
a  permit. 
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2008  Mined  Land  Reclamation  Program  Highlights 


Economic  Assessment  of  NY  Mining  Industry 

At  the  Fall  2008  New  York  Construction 
Materials  Association  meeting,  Dr.  Rochelle 
Ruffert  of  the  Center  for  Governmental  Research 
and  Dr.  William  Kelly  of  the  New  York  State 
Geological  Survey  presented  the  preliminary 
results  of  a  study  on  the  economic  impacts  of 
mining  in  New  York  State. 

The  latest  U.S.  Geological  Survey  estimate  of  the 
value  of  minerals  produced  in  New  York  is  $1.3 
billion.  However,  in  this  more  detailed  study, 
responses  from  just  91  survey  participants 
showed  an  estimated  economic  impact  from  the 
mining  industry  of  $1.5  billion.  Extrapolating  this 
figure  to  include  all  permitted  mines  in  the  State, 
including  indirect  and  multiplier  effects,  would 
yield  an  economic  impact  of  several  billion 
dollars.  After  the  meeting  Division  staff  provided 
Dr.  Ruffert  with  additional  information  on  active 
mines  in  the  State. 

Annual  Underground  Salt  Mine  Inspections 

Department  staff  and  a  Geomechanics  Specialist 
from  John  T.  Boyd  Company  conducted  the 
annual  underground  mine  inspections  of  the 
American  Rock  Salt  (ARS)  Hampton  Corners  salt 
mine  and  the  Cargill  (Cargill)  Cayuga  salt  mine. 
The  State  Geologist  was  also  present  at  the 
inspections.  Permit  conditions  require  these 
detailed  annual  inspections  to  ensure  DEC  is 
aware  of  any  potential  problems. 

During  the  site  visits  staff  inspected  the  entries, 
crosscuts,  faces,  data  collection  points,  and 
process  galleries.  At  ARS  all  openings  were 
stable  and  there  was  no  sign  of  water  flowing  into 
the  mine.  At  the  Cargill  site,  a  mine  "panel"  that 
had  previously  shown  increased  convergence 
rates  was  checked  again,  but  no  further 
deterioration  was  noted  and  the  area  was  being 
backfilled. 

For  years  New  York  has  ranked  third  in  the 
nation  in  salt  production,  based  on  the  combined 
total  of  mined  and  solution-mined  salt. 


Adirondack  Rock  Fest 

Central  Office  staff  represented  the  Division  at 
the  first  annual  Rock  Fest:  A  Celebration  of 
Adirondack  Geology.  The  event  was  held  at  the 
Adirondack  Park  Agency's  Newcomb  Visitor 
Interpretive  Center  (VIC)  on  August  9.  It  was 
sponsored  by  VIC  and  the  SUNY  College  of 
Environmental  Science  and  Forestry  Adirondack 
Ecological  Center. 

The  event  consisted  of  a  series  of  presentations 
both  at  the  VIC  and  at  nearby  rock  outcrops, 
followed  by  a  field  trip  to  the  old  titanium  mine  at 
Tahawus.  Division  staff  made  a  presentation  on 
the  everyday  uses  of  minerals  and  gave  an 
overview  of  the  Mined  Land  Reclamation 
Program.  Division  members  also  staffed  a  display 
and  answered  many  questions. 

The  program  was  quite  successful  for  a  first-time 
event.  Over  100  people  attended  and  at  least  65 
people  went  to  each  of  the  presentations. 

NYCO  Examines  Wollastonite  Options 

A  meeting  was  held  on  October  29,  2008,  at  the 
NYCO  Minerals  Willsboro  office  in  Essex 
County.  NYCO  gave  a  presentation  on  depletion 
of  wollastonite  reserves  at  its  two  active  quarries 
in  the  Town  of  Lewis;  one  mine  is  expected  to  be 
depleted  in  5  years  and  the  other  in  20  years.  New 
York  State  is  home  to  the  only  commercial 
wollastonite  production  in  the  country. 

When  its  New  York  reserves  are  exhausted, 
NYCO  could  rely  solely  on  its  large  wollastonite 
mine  in  Mexico.  However  to  avoid  terminating  its 
New  York  operations,  NYCO  is  attempting  to 
locate  additional  reserves.  The  possible 
acquisition  of  State  Forest  Preserve  Lot  #8,  which 
adjoins  the  Lewis  Quarry,  is  one  option.  Since 
Article  14  of  the  New  York  State  Constitution 
prohibits  the  mining  or  exploration  of  State  Forest 
Preserve  lands,  a  constitutional  amendment 
would  be  required  to  pursue  this  option. 
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Zinc  Mine  Closes  Again 

St.  Lawrence  Zinc,  a  subsidiary  of  HudBay 
Minerals,  announced  the  closure  of  the  Balmat 
underground  zinc  mine  in  the  Town  of  Fowler, 
St.  Lawrence  County.  Rising  fuel  costs  and  a 
steep  drop  in  the  price  for  zinc  concentrate  led  to 
the  decision. 

For  many  years  New  York  State  ranked  third  or 
fourth  in  the  country  in  zinc  production. 
However,  the  mine  has  periodically  closed  and 
reopened  over  the  last  few  years  with  fluctuating 
zinc  prices.  In  April  2001  the  Zinc  Corporation  of 
America  closed  the  mine  after  zinc  prices  fell  to 
32  cents  per  pound.  In  April  2006  HudBay 
Minerals  reopened  the  mine  after  zinc  prices 
soared  to  a  record  of  over  $2.00  per  pound. 
However,  in  2008  fuel  prices  rose  significantly 
and  zinc  prices  fell  to  around  70  cents  per  pound, 
necessitating  closure  of  the  mine. 

Human  Remains  Identified  at  Mine 

In  February  2008  human  remains  were 
discovered  during  mining  operations  at  the  Full 
Cycle  Soils  mine  in  the  Town  of  Phelps,  Ontario 
County.  Initially,  the  Ontario  County  Sheriffs 
Department  and  Ontario  County  Medical 
Examiner  thought  the  bones  were  of  recent 
origin.  However,  the  skeletal  remains  were  sent  to 
a  forensics  anthropologist  who  determined  that 
they  were  probably  from  two  people,  not  one,  and 
may  have  been  from  a  Native  American  woman 
and  her  infant.  The  mine  suspended  operations 
until  the  NY  State  Office  of  Parks,  Recreation, 
and  Historic  Preservation  could  make  a 
determination  whether  additional  investigation 
was  necessary. 

TCE-Contaminated  Water  at  Mine 

Dolomite  Products  submitted  an  application  for 
the  discharge  of  trichloroethylene  (TCE)- 
contaminated  water  from  the  Leroy  Quarry  in 
Genesee  County.  The  mine  is  not  the  cause  of  the 
contamination;  TCE  was  spilled  during  an 
accident  on  the  Lehigh  Vallley  Railroad  in  1970 
and  has  slowly  migrated  underneath  the  mine. 
Fortunately,  the  level  of  contamination  has 


continued  to  drop  over  the  decades. 

Regional  and  Central  Office  staff  met  with  the 
company  to  discuss  the  application  for  a  State 
Pollutant  Discharge  Elimination  System  (SPDES) 
permit  and  DEC's  concerns  about  the  treatment 
and  discharge  plans.  Staff  review  continues  and  a 
Draft  Environmental  Impact  Statement  is 
anticipated. 

R.T.  Vanderbilt  Closing  Three  of  Four  Mines 

R.T.  Vanderbilt  Company  announced  the  closure 
of  its  two  talc/tremolite  mines  in  Balmat  and  one 
in  Talcville,  all  in  St.  Lawrence  County.  A  drop 
in  market  demand  from  over  200,000  tons  per 
year  in  1988  to  around  80,000  tons  in  recent  years 
led  to  the  decision.  The  company  plans  to 
continue  a  small  wollastonite  mine  in  the  Town 
of  Diana,  Lewis  County.  In  2008  roughly  105 
people  were  employed  at  the  company's  Balmat 
mines  and  mills.  See  the  reclamation  section  on 
page  37  for  further  information. 

Bluestone  Expo  2008 

Central  Office  and  Region  7  Mined  Land  staff 
attended  the  Bluestone  Expo  2008  held  March 
29-30  in  Binghamton,  Broome  County.  The  event 
was  a  joint  effort  of  the  New  York  and 
Pennsylvania  bluestone  industry  organizations. 
Regulators,  vendors,  consultants,  and  financial 
institutions  were  present  to  answer  questions  and 
receive  feedback  from  participants. 

Division  members  staffed  a  display  and  interacted 
with  the  bluestone  community.  Attendance  was 
down  from  the  first  Bluestone  Expo  in  2006, 
probably  due  to  the  economic  conditions. 

Mine  Replaces  Diesel  Equipment 

At  the  154-acre  Troy  Sand  and  Gravel  Mine  in 
the  Town  of  West  Sand  Lake,  Rensselaer  County, 
the  company  converted  several  major  pieces  of 
equipment  from  diesel  power  to  natural  gas  and 
electricity.  The  company  produces  stone,  sand 
and  gravel  at  this  site  and  also  manufactures 
asphalt.  The  1,000-watt  diesel  generator  used  for 
stone  processing  was  changed  to  natural  gas. 
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Diesel  fuel  used  in  drying  and  heating  stone  was 
also  replaced  by  natural  gas.  In  addition  to 
making  the  operations  at  the  site  more  energy 
efficient,  the  conversions  were  expected  to  reduce 
noise,  odor,  and  air  pollution. 

Three  Mine  Fatalities  in  May  2008 

The  Division  of  Mineral  Resources  continues  to 
support  the  work  of  the  U.S.  Mine  Safety  and 
Health  Administration  (MSHA)  in  their  "Stay 
Out  -  Stay  Alive"  campaign.  The  program  is 
aimed  at  educating  children  and  adults  about  the 
dangers  of  trespassing  on  mine  property  for 
recreational  purposes.  Division  staff  distribute 


MSHA's  educational  materials  at  outreach 
events. 

There  continues  to  be  a  need  for  this  type  of  in- 
formation. In  2008  an  18-year  old  man  died 
when  he  was  camping  out  with  friends  in  the 
inactive  part  of  a  limestone  mine  in  Greene 
County.  Also  during  2008  workers  at  two  differ- 
ent mines  in  northern  New  York  were  killed. 
One  was  a  dozer  operator  constructing  a  new 
ramp  at  a  mine  in  Jefferson  County  who  was 
crushed  under  his  equipment.  The  other  fatality 
was  in  Saint  Lawrence  County  when  a  man 
working  in  an  underground  mine  was  killed  by  a 
falling  slab  of  rock.  MSHA  investigated  all  three 
deaths. 


■  ■•"  "■■  •••  ' 


Former  Mine  Site  Reclaimed  to  Farm  Pond, 
Town  of  Redhook,  Dutchess  County 
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I.  Introduction 


The  first  commercial  oil  well  was  drilled  near  Titusville  in  1859.  However,  plugging  requirements 
designed  to  protect  oil  producing  formations  from  flooding  by  fresh  water  were  not  enacted  by  the 
Legislature  until  the  1890s.  Legislation  passed  in  1921  specified  methods  for  pulling  casing  and  plugging 
wells.  It  was  not  until  1956  that  legislation  required  gas  wells  to  be  permitted  so  their  locations  could  be 
coordinated  with  underground  coal  mining  to  assure  the  safety  of  coal  miners.  The  same  legislation  was 
amended  in  the  early  1960s  to  require  all  oil  and  gas  wells  to  be  permitted.  These  initial  permits  were 
registrations  of  locations  where  well  drilling  was  being  considered. 

In  the  early  1980s  more  comprehensive  oil  and  gas  legislation  was  enacted.  In  December  1984  the  Oil 
and  Gas  Act  was  signed  into  law.  The  Act  defined  an  abandoned  well  as  any  well  that  had  not  been 
produced  by  its  operator  in  the  last  year  or  any  well  that  was  not  completed  for  production  within  60 
days  of  having  been  drilled.  Excluded  from  this  category  were  any  wells  that  had  been  granted  inactive 
status  by  the  Department.  This  statute  provided  for,  among  other  things,  an  Abandoned  Well  Restricted 
Revenue  Account  and  the  registration  of  wells  drilled  prior  to  the  permitting  requirements.  The 
Abandoned  Well  Restricted  Revenue  Account  was  to  be  used  by  the  Department  of  Environmental 
Protection  (DEP)  to  plug  abandoned  wells  causing  health,  safety,  or  environmental  problems,  and  for 
carrying  out  other  purposes  of  the  Act.  This  fund  received  revenues  from  fines,  fees,  penalties,  and 
from  a  $50.00  surcharge  on  all  oil  and  gas  well  drilling  permits. 

In  the  140  years  since  the  first  oil  well  was  drilled,  an  unknown  number  of  oil  and  gas  wells  have  been 
drilled  in  Pennsylvania.  An  estimate  by  the  Independent  Petroleum  Association  of  America  places  that 
number  at  approximately  325,000.  DEP  has  records  of  88,300  operating  wells  which  it  regulates, 
44,700  plugged  wells,  and  approximately  8,000  orphaned  and  abandoned  wells.  The  status  of  the 
remaining  184,000  wells  is  unknown.  Many  wells  were  drilled,  operated,  and  plugged  at  the  end  of 
their  useful  life  while  others  were  drilled,  operated  and  abandoned  without  proper  plugging.  Some  wells 
were  "temporarily  abandoned"  while  the  operators  waited  for  the  price  of  oil  to  rise  to  a  level  which 
would  make  producing  the  wells  profitable;  this  sometimes  never  occurred. 

With  the  passage  of  the  well  registration  requirements  of  the  Oil  and  Gas  Act,  questions  arose 
concerning  plugging  liability  for  wells  that  were  abandoned  years  ago  by  prior,  often  unidentified, 
operators.  Consequently,  in  1992  the  Legislature  amended  the  Act  to  establish  an  Orphan  Well 
Plugging  Program.  Orphaned  wells  are  a  subclass  of  abandoned  wells.  Orphaned  wells  are  wells  that 
were  abandoned  prior  to  April  18,  1985.  They  have  not  been  affected  or  operated  by  the  present 
owner  or  operator  and  the  present  owner,  operator  or  lessee  has  received  no  economic  benefit.  If  DEP 
determines  that  a  prior  owner  or  operator  received  economic  benefit,  other  than  economic  benefit 
derived  as  a  landowner  or  from  a  royalty  interest  subsequent  to  April  18,  1979  from  an  orphaned  well 
or  from  a  well  which  has  not  been  registered,  that  owner  or  operator  is  responsible  for  plugging  the  well. 
The  Orphan  Well  Plugging  Program  receives  revenues  from  industry  through  a  $100.00  surcharge  on 
new  oil  well  permit  fees  and  a  $200.00  surcharge  on  new  gas  well  permit  fees.  The  Orphan  Well 
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Plugging  Fund  is  separate  from,  and  in  addition  to,  the  Abandoned  Well  Plugging  Fund  which  was 
established  with  the  $50  surcharge  from  the  Abandoned  Well  Restricted  Revenue  Account  of  1984. 

The  Oil  and  Gas  Act  authorizes  DEP  to  plug  abandoned  oil  and  gas  wells.  The  main  focus  to  date  has 
been  the  plugging  of  wells  which  were  clearly  showing  hazards  to  public  health  and  safety  and/or 
environmental  degradation  particularly  to  water  supplies.  A  ranking  system  for  abandoned  wells,  based 
on  threats  to  health  and  safety  or  pollution  of  the  waters  of  the  Commonwealth,  is  currently  in  use.  A 
similar  ranking  system  for  orphaned  wells  is  based  on  whether  the  well  is  on  public  or  private  land;  its 
distance  from  public  or  private  water  supplies,  accessible  areas  or  buildings;  its  distance  from  streams, 
bodies  of  water,  or  wetlands;  and  whether  or  not  it  is  in  a  special  protection  watershed.  Revenues  from 
surcharges  into  the  Abandoned  Well  Plugging  Fund  and  the  Orphan  Well  Plugging  Fund  total 
approximately  $300,000  a  year. 

Since  the  well  plugging  program  began,  108  wells  have  been  plugged  at  a  cost  of  over  $2.4  million  using 
funds  from  the  Abandoned  Well  Plugging  Fund,  the  Orphaned  Well  Plugging  Fund,  and  a  Federal  Clean 
Water  Act,  Section  319  Non-Point  Source  (319  NPS)  grant.  The  wells  plugged  under  the  319  NPS 
grant  were  plugged  to  halt  discharges  of  acid  mine  drainage  and  improve  stream  quality  in  the  Mill 
Creek  Watershed  and  stop  oil  migration  in  the  Oil  Creek  Watershed. 

On  December  15,  1999,  Governor  Thomas  Ridge  signed  the  Growing  Greener  legislation.  This 
represents  the  largest  single  investment  of  state  funds  in  Pennsylvania  history  to  address  critical 
environmental  concerns  such  as  abandoned  and  orphan  wells.  Approximately  $3  million  dollars  a  year 
of  Growing  Greener  funding  will  go  towards  plugging  wells  from  2000  to  2004.  Initial  Growing  Greener 
grant  dedications  include  $280,000  funded  the  plugging  of  79  wells  in  McKean  County,  $20,000 
towards  one  well  in  Allegheny  County,  and  $213,180  for  50  wells  in  Warren  County.  These  examples 
demonstrate  how  Growing  Greener  is  helping  Pennsylvania's  plan  to  plug  abandoned  and  orphaned 
wells. 

The  Environmental  Protection  Agency  (EPA)  has  also  plugged  over  190  abandoned  wells  in 
Pennsylvania  that  were  leaking  oil,  or  threatening  to  leak  oil,  to  the  navigable  waters  of  the  United 
States.  The  well  plugging  was  made  possible  using  funds  from  the  Federal  Oil  Spill  Liability  Trust  Fund 
(OSLTF)  that  was  established  under  the  Oil  Pollution  Act  of  1990  (OPA  90). 

II.  Purpose  for  This  Plan 

The  purpose  of  this  plan  is  to  establish  the  direction  of  DEP  well  plugging  activities. 

III.  Guiding  Principles 

In  developing  and  implementing  a  comprehensive  plan  for  addressing  problem  abandoned  wells  and 
orphaned  wells,  state  and  federal  resources  should  be  coordinated  to  ensure  cost-effective  results.  The 
following  set  of  principles  is  intended  to  guide  decision-making. 
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•  Priority  will  be  given  to  problem  wells  that  threaten  the  health  and  safety  of  people  or  property  or 
pollution  of  the  waters  of  the  Commonwealth. 

•  Partnerships  between  DEP,  the  Department  of  Conservation  and  Natural  Resources  (DCNR), 
other  state  and  federal  agencies,  and  watershed  associations  will  be  established,  when 
appropriate,  to  achieve  cleanup  of  a  defined  geographical  area  in  an  efficient  and  effective  manner. 

•  Where  practical,  plugging  activities  will  be  coordinated  with  other  projects  that  involve  a  watershed 
or  geographic  area  where  environmental  cleanup  and  restoration  efforts  are  planned  or  in  progress. 
This  coordination  would  occur  as  part  of  the  Reclaim  PA  initiative. 

•  Consideration  will  be  given  to  plugging  projects  where  arrangements  for  utilization  of  money  from 
federal  and  other  sources,  such  as  the  OSLTF,  or  319  NPS  grants,  exist  or  can  be  developed. 

•  Adoption  of  problem  abandoned  wells  or  orphaned  wells  that  have  production  potential  will  be 
encouraged  so  that  the  oil  and  gas  resources  are  conserved. 

•  Problem  abandoned  wells  and  orphaned  wells  will  continue  to  be  documented  and  added  to  the 
inventories  as  they  are  identified. 

IV.  Goals 

Specific  goals  to  be  achieved  are  set  forth  below.  These  goals  are  to  be  reviewed,  modified,  expanded, 
or  changed  when  necessary  to  ensure  the  goals  meet  the  needs  of  the  time. 

A.  Focus  expenditures  for  plugging  problem  abandoned  wells  on  those  which 
threaten  the  health  and  safety  of  persons  or  property  or  pollution  of  the 
waters  of  the  Commonwealth. 

Of  the  approximately  8,000  unplugged  orphaned  wells,  550  are  considered  problem 
wells.  Of  the  550  problem  wells,  approximately  129  are  prioritized  at  30  points  or 
more.  Our  goal  is  to  give  these  129  wells  high  priority  for  plugging. 

B.  Develop  partnerships  with  the  federal  government,  DCNR,  watershed 
associations,  local  governments,  and  other  groups  that  promote  locating 
and  plugging  problem  abandoned  and  orphaned  wells. 

DEP  completed  a  319  NPS  three  well  plugging  contract  in  Mill  Creek  Watershed  to 
improve  stream  quality.  These  wells  were  brought  to  the  attention  of  DEP  by  the  Mill 
Creek  Coalition  as  being  the  source  of  acid  mine  drainage  into  Mill  Creek.  Seven  other 
wells  discharging  oil,  or  threatening  to  discharge  oil,  into  Oil  Creek  were  plugged  under 
the  same  319  NPS  grant.  DEP  will  continue  to  foster  additional  cooperative 
partnerships  with  governmental  or  other  watershed  groups. 
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C.  Develop  an  areal  approach  to  planning  plugging  operations  that  will 

result  in  reclamation  and  rehabilitation  of  an  entire  geographical  area  or  watershed. 

DEP's  goal  during  the  next  five  years  is  to  contract  for  plugging  clusters  of  wells  in 
defined  geographic  areas.  The  key  well  in  each  well  cluster  contract  will  be  a  problem 
abandoned  well  with  high  priority  points.  When  the  key  well  or  wells  are  identified,  the 
abandoned  and  orphaned  well  lists  will  be  examined  to  determine  what  other  wells  are 
located  in  the  same  geographic  area.  Once  these  wells  are  identified,  they  will  be 
included  in  a  cluster  well  plugging  contract. 

D.  Encourage  adoption  of  problem  abandoned  wells  and  orphaned  wells. 

DEP  is  providing  oil  and  gas  operators  lists  of  abandoned  wells  in  the  database.  The  oil 
and  gas  operators  can  determine  whether  it  is  economically  beneficial  to  them  to  adopt 
the  well  and  return  it  to  production,  rather  than  have  DEP  plug  the  well  and  loose  a 
potential  resource.  Our  goal  is  to  continue  to  make  oil  and  gas  operators  aware  of  the 
opportunities  to  adopt  orphaned  oil  and  gas  wells  and  to  return  them  to  production. 

Plan  Elements 

A.  Focusing  of  Expenditures 

DEP  maintains  an  inventory  of  problem  abandoned  and  orphaned  wells.  This  inventory 
is  also  in  a  database  format.  Prioritized  lists  of  problem  abandoned  and  orphaned  wells 
are  generated  from  this  database.  These  prioritized  lists  aid  in  selecting  wells  for 
plugging. 

These  prioritization  lists  are  being  used  to  focus  plugging  expenditures  on  the  129  high 
priority  wells. 

B.  Developing  Partnerships 

Currently  DEP  uses  funds  from  the  Abandoned  Well  Plugging  Fund  to  plug  problem 
abandoned  wells,  and  funds  from  the  Orphan  Well  Plugging  Fund  to  plug  orphaned 
wells.  Abandoned  wells  that  are  an  immediate  threat  to  the  health  and  safety  of  people 
or  property  or  pollution  of  the  waters  of  the  Commonwealth  are  plugged  by  DEP 
through  emergency  response  action.  Abandoned  wells  that  discharge  or  threaten  to 
discharge  oil  into  navigable  waters  of  the  United  States  are  eligible  to  be  plugged  by 
DEP  or  EPA  using  funds  from  the  Oil  Spill  Liability  Trust  Fund  (OSLTF)  established 
under  the  Oil  Pollution  Act  90.  EPA  is  currently  plugging  these  types  of  wells  using 
funds  from  this  source. 
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Contacts  between  DEP  and  EPA  have  been  established  to  coordinate  activities  for 
plugging  problem  abandoned  wells.  This  will  ensure  that  the  respective  agencies  will  not 
duplicate  efforts  by  both  trying  to  plug  the  same  wells  at  the  same  time. 

Problem  abandoned  wells  that  had  been  leaking  oil  and  were  previously  plugged  by 
DEP  will  be  examined  to  determine  their  eligibility  for  reimbursement  of  plugging  costs 
under  the  OSLTF.  Claims  for  reimbursement  will  be  submitted  to  the  OSLTF. 

Contacts  have  been  made  with  DCNR  to  enter  into  a  cost  sharing  partnership  to  plug 
orphaned  wells  on  property  owned  by  DCNR.  Approximately  100  orphaned  wells  fall 
within  this  category. 

Contacts  have  been  made  with  the  Mill  Creek  Coalition,  the  Pine  Creek  Headwater 
Protection  Group,  and  The  Scott  Conservancy  to  determine  if  abandoned  wells  are 
contributing  to  the  pollution  of  watershed  areas  the  associations  are  trying  to  clean  up. 

Contacts  have  been  made  with  the  United  States  Forest  Service  to  access  orphaned 
wells  located  in  the  Allegheny  National  Forest. 

C.  An  Areal  Approach  to  Well  Plugging 

DEP  will  group  problem  abandoned  and  orphaned  wells  by  municipalities,  watersheds, 
geographic  boundaries,  or  surface  landowners  to  more  efficiently  address  the  plugging 
of  these  wells.  This  will  facilitate  a  cluster  well  plugging  program  that  will  result  in  the 
restoration  of  an  entire  area  rather  than  scattered  sites,  and  decrease  per  well  plugging 
costs. 

The  key  well  in  the  cluster  will  be  a  well  that  has  a  high  priority.  When  these  problem 

wells  are  plugged,  they  will  be  grouped  into  clusters  with  other  orphaned 

wells  in  the  area.  When  possible,  50  to  100  wells  or  more  will  be  grouped  together  into 

single  contracts.  It  is  expected  that  clustering  wells  into  contracts  will  increase  program 

efficiency. 

D.  Encouraging  Adoption 

DEP  will  periodically  remind  the  oil  and  gas  industry  of  the  availability  for 

adoption  of  orphaned  and  abandoned  wells  on  our  plugging  lists.  DEP  will  do  this  by 

placing  articles  in  the  Update  and  by  positing  information  on  the  web  site. 

Upon  request,  DEP  will  provide  a  list  of  orphaned  and  abandoned  wells  to 
anyone  who  requests  such  information  for  the  purpose  of  adoption. 
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Oversight  Hearing  before  the  Subcommittee  on  Energy  and  Mineral  Resources  of  the  On  Natural 
Resources  US  House  of  Representatives,  One  Hundred  Eleventh  Congress,  First  Session  (Serial 
No.  111-22) 
June  4,  2009 

Representative  Doug  Lamborn  of  Colorado 

"Hydraulic  fracturing  has  been  used  by  the  oil  and  gas  industry  since  the  late  1940s.  More  than  one 
million  fracturing  jobs  have  been  completed  in  the  U.S.  since  the  technique  was  first  developed,  and 
there  have  been  no  demonstrated  adverse  impacts  to  drinking  water  wells  from  the  fracking  process  or 
by  the  fluids  used  in  the  process." 

Source:  http://ww.gpQ.gov/fdsys/pkg/CHRG-lllhhrg5Q12Q/pdf/CHRG-lllhhrg5Q12Q.pdf 

Oversight  Hearing  before  the  Subcommittee  on  Energy  and  Mineral  Resources  of  the  On  Natural 
Resources  US  House  of  Representatives,  One  Hundred  Eleventh  Congress,  First  Session  (Serial 
No.  111-22) 
June  4,  2009 

Lynn  Helms,  speaking  as  Director,  Department  of  Mineral  Resources,  Industrial  Commission,  State  of 
North  Dakota 

"Studies  and  surveys  by  GWPC,  EPA  and  IOGCC  over  the  last  11  years  have  found  no  real  credible 
threat  to  underground  drinking  water  from  hydraulic  fracturing.  It  is  a  common  operation  used  in  North 
Dakota  and  all  the  member  states  of  the  IOGCC,  and  it  is  my  firmly  held  view  and  also  that  of  IOGCC 
that  the  subject  of  hydraulic  fracturing  is  adequately  regulated  by  the  states,  and  it  needs  no  further 
study." 

"In  a  1998  survey  of  state  oil  and  gas  regulatory  agencies,  conducted  by  the  GWPC,  twenty  four  state 
programs  said  they  had  not  recorded  any  complaints  of  contamination  to  a  USDW  that  the  agency 
could  attribute  to  hydraulic  fracturing  of  coalbed  methane  zones. 

In  2004  the  Environmental  Protection  Agency  published  a  final  report  summarizing  a  study  to  evaluate 
the  potential  threat  to  underground  sources  of  drinking  water  from  hydraulic  fracturing  of  coal  bed 
methane  production  wells  and  the  Environmental  Protection  Agency  concluded  that  'additional  or 
further  study  is  not  warranted  at  this  time...'  and  that  'the  injection  of  hydraulic  fracturing  fluids  into 
coal  bed  methane  wells  poses  minimal  threat  to  the  underground  sources  of  drinking  water'. 
Subsequently,  the  IOGCC  conducted  a  survey  of  North  Dakota  and  other  oil  and  gas-producing  states 
that  found  that  there  were  no  known  cases  of  ground  water  contamination  associated  with  hydraulic 
fracturing.  Hydraulic  fracturing  is  a  common  operation  used  in  exploration  and  production  by  the  oil 
and  gas  industry  in  North  Dakota  and  all  the  member  states  of  the  IOGCC.  Approximately  35,000  wells 
are  hydraulically  fractured  annually  in  the  United  States,  and  close  to  one  million  wells  have  been 
hydraulically  fractured  in  the  United  States  since  the  technique's  inception,  with  no  known  harm  to 
ground  water. 

It  is  my  firmly  held  view  and  that  of  the  IOGCC  that  the  subject  of  hydraulic  fracturing  is  adequately 
regulated  by  the  states  and  needs  no  further  study.  In  my  opinion  too  frequent  nationwide  or  federal 
study  and  review  of  critical  operations  like  hydraulic  fracturing,  underground  injection,  and  RCRA 
class  II  waste  exemptions  create  an  environment  of  uncertainty  and  litigation  that  inhibits  real  progress 
in  sustainable  resources  development. 

Complaints  of  ground  water  contamination  attributed  to  hydraulic  fracturing  or  any  other  oil  and  gas 
operation  should  continue  to  be  investigated  by  the  appropriate  state  agency  or  agencies  to  determine 
whether  or  not  ground  water  has  been  affected  and  whether  a  cause  and  effect  relationship  can  be 
established  between  any 

impacts  to  ground  water  and  petroleum  exploration  and  production  activities. 

Source:  http://www.gpQ.gov/fdsys/pkg/CHRG-lllhhrg5Q12Q/pdf/CHRG-lllhhrg5012Q.pdf 


Oversight  Hearing  before  the  Subcommittee  on  Energy  and  Mineral  Resources  of  the  On  Natural 
Resources  US  House  of  Representatives,  One  Hundred  Eleventh  Congress,  First  Session  (Serial 
No.  111-22) 
June  4,  2009 

Representative  Martin  T.  Heinrich  of  New  Mexico 

You  mentioned,  Mr.  Kell,  the  letter  from  New  Mexico  regarding  the  fact  that  we  really  don't  have  a  big 
issue  with  this  in  terms  of  contaminating  usable  water  underground,  but  we  still  are  grappling  with 
contamination,  basically,  of  surface  water — some  of  it  histrical  and  some  more  recent  based  on  this 
whole  idea  of  good  housekeeping  and  the  best  way  to  do  that. 

My  concern  is  what  do  we  do  with  these  fluids  when  they  are  back  on  the  surface?  What  level  of 
uniformity  and  consistency  is  there  of  making  sure  that  we  are  doing  a  good  job  disposing  of  these 
fluids  and  other  waste  products  that  are  inherent  to  the  oil  and  gas  business  once  they  are  on  the 
surface,  and  how  do  we  continue  to  improve  that  process?  In  addition,  I  would  mention  that  while  we 
had  zero  cases  of  usable  groundwater  contamination,  we  have  a  number  of  cases  of  surface  water 
contamination  from  products  at  the  surface. 

Source:  http://www.gpQ.gov/fdsvs/pkg/CHRG-lllhhrg5Q12Q/pdf/CHRG-lllhhrg5Q12Q.pdf 

Senate  Committee  on  Environment  and  Public  Works  hearing 

December  8,  2009 

Sen.  James  Inhofe  of  Oklahoma 

The  following  information  was  released  by  the  U.S.  Senate  Committee  on  Environment  and  Public 
Works. 

During  today's  Senate  Committee  on  Environment  and  Public  Works  hearing  on  "Federal  Drinking 
Water  Programs,"  Senator  Inhofe  asked  officials  from  the  Environmental  Protection  Agency  (EPA)  and 
the  United  States  Geological  Survey  (USGS)  if  they  were  aware  of  any  documented  cases  of  hydraulic 
fracturing  contamination.  None  of  the  three  witnesses  could  provide  a  single  example.  Testifying 
before  the  EPW  Committee  today  was  Peter  Silva,  Assistant  Administrator  for  Water,  Environmental 
Protection  Agency,  Cynthia  Giles,  Assistant  Administrator  for  Enforcement  and  Compliance 
Assurance,  Environmental  Protection  Agency,  and  Matthew  Larsen,  Associate  Director  for  Water,  U.S. 
Geological  Survey. 
Full  Transcript  of  Exchange: 

Senator  Inhofe:  I'm  anxious  to  get  to  this  second  panel,  Madame  Chairman.  I  can't  remain  silent  after 
Senator  Lautenberg's  statement  about  hydraulic  fracturing.  I  have  something  to  say  about  that,  but  first, 
I  want  to  ask  all  three  of  you  and  response:  Do  any  one  of  you  know  of  one  case  of  ground  water 
contamination  that  has  resulted  from  hydraulic  fracturing?  Start  with  you,  Mr.  Silva. 
Peter  Silva:  Not  that  I'm  aware  of,  no. 
Senator  Inhofe:  Ms.  Giles? 

Cynthia  Giles:  I  understand  there's  some  anecdotal  evidence,  but  I  don't  know  that  it's  been  firmly 
established. 

Senator  Inhofe:  So  the  answer  is  no,  you  don't  know  of  it. 

Cynthia  Giles  nods. 

Senator  Inhofe:  Alright,  Mr.  Larsen? 

Matthew  Larsen:  I'll  have  to  respond  in  writing,  I  don't,  I'm  not  aware  of  all  of  our  studies  on  that  topic. 
Senator  Inhofe:  Well,  but  you've  already  answered.  You're  not  aware.  That's  the  question  I  asked  you. 
Here's  the  problem  we  have.  Senator  Lautenberg  referred  to  this  as  something  that's  new.  This  isn't 
new.  It's  been  around  over  fifty  years.  And,  we  do  approximately  thirty- five  thousand  wells  a  year  - 
nearly  a  million  wells,  without  one  documented  case  of  groundwater  contamination.  I'm  concerned 
about  this,  because  I  know  for  a  fact  that  if  you  took  away  the  ability,  as  all  other  countries  do,  of 


hydraulic  fracturing,  we're  going  to  become  much  more  dependent  upon  other  countries  for  our  ability 
to  produce  oil.  Now,  I  want  to  repeat  that  one  more  time  that  there  has  never  been  a  documented  case  in 
almost  a  million  uses  of  that  technology.  The  EPA  did  an  extensive  study  of  this  back,  prior  to,  it  lasted 
a  long  period  of  time,  they  concluded  in  2004  that  it  does  not  warrant  any  further  study." 
Source:  http ://www. ocapl. or g/en/articles/printview. asp ?  1 5 

Senator  Inhofe 
March  7,  2002 

"How  does  hydraulic  fracturing  fit  into  this  equation?  This  system  has  been  used — I  remember  using  it 
myself — since  the  1940s.  In  the  1940s,  we  had  a  system  of  injection  in  order  to  get  maximum 
production  in  both  oil  and  gas  wells.  Not  one  time  in  that  period  of  time — after  over  a  million  wells 
have  used  this  process — has  there  been  any  kind  of  damage  to  the  environment.  In  the  last  15  years, 
there  have  been  over  100,000  wells  using  this,  with  no  damage  to  the  environment. 
As  the  Senator  from  New  Mexico  points  out,  this  is  not  a  partisan  thing.  The  Clinton  administration 
supported  this,  the  Bush  administration  supports  this,  and  Carol  Browner  supported  this  when  I  served 
as  chairman  of  one  of  the  subcommittees  of  the  Environment  and  Public  Works  Committee.  This  is 
necessary  to  have,  and  it  does  no  harm  to  the  environment." 

Source:  http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=2002  record&docid=DOCID:cr07mr02- 
119.pdf 

Carol  Browner,  then  Administrator  of  the  U.S.  Environmental  Protection  Agency 
May  5, 1995 

"There  is  no  evidence  that  the  hydraulic  fracturing  at  issue  has  resulted  in  any  contamination  or 
endangerment  of  underground  sources  of  drinking  water  (USDW).  Repeated  testing,  conducted 
between  May  of  1989  and  March  of  1993,  of  the  drinking  water  well  which  was  the  subject  of  this 
petition  failed  to  show  any  chemicals  that  would  indicate  the  presence  of  fracturing  fluids.  The  well 
was  also  sampled  for  drinking  water  quality  and  no  constituents  exceeding  drinking  water  standards 
were  detected.  Moreover,  given  the  horizontal  and  vertical  distance  between  the  drinking  water  well 
and  the  closest  methane  gas  production  wells,  the  possibility  of  contamination  or  endangerment  of 
USDWs  in  the  area  is  extremely  remote." 

Source:  http://www.gpo.gov/fdsys/pkg/CREC-2002-03-07/pdf/CREC-2002-03-07-ptl-PgS1621-8.pdf 

Senator  Jeff  Bingaman  of  New  Mexico 
March  7,  2002 

"And  although  there  have  been  over  a  million  hydraulic  fracturing  jobs  conducted  in  the  last  5  years, 
there  have  been  zero  confirmed  instances  of  hydraulic  fracturing  contaminating  drinking  water.  There 
is  not  one  time  that  contamination  has  been  established." 

Source:  http://frwebgate. access. gpo.gov/cgi-bin/getdoc. cgi?dbname=2002  record&docid=DOCID:cr07mr02- 
119.pdf 

Senator  Jeff  Sessions  of  Alabama 
March  7,  2002: 

"Most  States  in  which  hydraulic  fracturing  is  used  —  including  my  State  of  Alabama  —  have 
implemented  regulations  to  ensure  that  hydraulic  fracturing  continues  to  be  used  in  a  safe  manner.  The 
technique  has  been  used  safely  by  coalbed  methane  oil  and  gas  producers  for  over  15  years,  and  there 
has  never  been  a  single  event  of  contamination  to  underground  drinking  sources." 


Source:  http://frwebgate.access.gpo. gQv/cgi-bin/getdoc.cgi?dbname=2002  record&docid=DOCID:cr07mr02- 
119.pdf 

Western  Energy  Alliance:  "There  are  no  documented  cases  of  contamination  to  drinking  water  from 
fracing." 

Source:  http://westernenergyalliance.org/wp- 
%20-%20Hydraulic%20Fracturing.pdf 
Context:  Position  paper 

Elizabeth  Ames  Jones,  Texas  Railroad  Commission 
July  9,  2010 

"Based  on  the  facts,  one  can  be  confident  that  the  geology  in  Texas,  combined  with  safeguards  that  we 
require  in  the  drilling  of  a  well,  simply  do  not  support  the  notion  that  water  used  in  hydraulic  fracturing 
will  migrate  to  a  water  table.  With  many  thousands  of  fracs  taking  place  in  Texas,  Commission  records 
do  not  indicate  a  single  documented  water  contamination  case  associated  with  hydraulic  fracturing  in 
our  state." 

Source:  http://www.texasinsider.org/?p=29927 

New  York  State  Department  of  Environmental  Conservation:  "As  a  result  of  New  York's  rigorous 
regulatory  process,  the  types  of  problems  reported  to  have  occurred  in  states  without  such  strong 
environmental  laws  and  rigorous  regulations  haven't  happened  here.  No  known  instances  of 
groundwater  contamination  have  occurred  from  previous  horizontal  drilling  or  hydraulic  fracturing 
projects  in  New  York  State." 
Source:  http://www.dec.ny.gov/energy/46288.html 

Energy  Tomorrow,  an  American  Petroleum  Institute  blog  by  Jane  Van  Ryan 
Nov.  12,  2010 

"U.S.  government  studies  have  found  no  evidence  of  drinking  water  contamination  from  hydraulic 
fracturing.  In  2004,  the  Environmental  Protection  Agency  (EPA)  conducted  a  study  to  assess  the 
contamination  potential  of  underground  drinking  water  sources  (UDWS)  from  the  injection  of 
hydraulic  fracturing  fluid  into  coalbed  methane  (CBM)  wells.  EPA  found  'the  injection  of  hydraulic 
fracturing  fluids  into  CBM  wells  poses  little  or  no  threat  to  USDWs  and  does  not  justify  additional 
study  at  this  time.'  EPA  also  reviewed  incidents  of  drinking  water  well  contamination  believed  to  be 
associated  with  hydraulic  fracturing  operations.  It  found  'no  confirmed  cases  linked  to  fracturing  fluid 
injection  of  CBM  wells  or  subsequent  underground  movement  of  fracturing  fluid.' 
In  1998,  the  Ground  Water  Protection  Council  (GWPC)  and  a  team  of  state  agency  representatives 
conducted  a  survey  of  state  oil  and  natural  gas  agencies  to  establish  an  accurate  assessment  of  the 
number  of  active  CBM  wells  associated  with  hydraulic  fracturing.  Based  on  the  survey  of  25  oil  and 
natural  gas  producing  states,  the  GWPC  concluded,  'there  was  no  evidence  to  support  claims  that 
public  health  is  at  risk  as  a  result  of  the  hydraulic  fracturing  of  coalbeds  used  for  the  production  of 
methane  gas.' 

EPA  is  developing  a  study  plan  now  for  a  congressionally-mandated  review  of  the  relationship  between 
hydraulic  fracturing  and  drinking  water.  The  study  is  expected  to  be  finished  in  2012. 
A  recent  documentary  about  hydraulic  fracturing  implies  that  fracturing  has  contaminated  water  wells 
in  Pennsylvania.  However,  John  Hanger,  secretary  of  the  Department  of  Environmental  Protection 
(DEP)  recently  told  Reuters,  Tt's  our  experience  in  Pennsylvania  that  we  have  not  had  one  case  in 


which  the  fluids  used  to  break  off  the  gas  from  5,000  to  8,000  feet  underground  have  returned  to 

contaminate  ground  water.'" 

Source:  http://blog.energytomorrow.org/2010^ 

Kathryn  Klaber,  President  of  the  Marcellus  Shale  Coalition 
July  23,  2010 

"My  name  is  Kathryn  Klaber,  and  I  have  the  tremendous  privilege  of  serving  as  the  Marcellus  Shale 
Coalition's  first  president.  And  on  behalf  of  the  MSC  -  the  organizational  body  that  represents  the  vast 
majority  of  shale  gas  producers  and  midstream  companies  operating  in  the  Commonwealth  - 1 
appreciate  the  opportunity  to  discuss  the  significant  role  hydraulic  fracturing  continues  to  play  in  the 
responsible  development  of  clean-burning,  job-creating  natural  gas. 

As  the  MSC  said  at  the  outset  of  this  study  in  March,  our  industry  is  confident  that  an  objective, 
science-driven,  and  peer-reviewed  evaluation  of  fracturing  will  reach  the  same  conclusions  produced 
by  a  host  of  other  studies,  including  most  notably  one  issued  by  your  agency  in  2004. 
In  that  report  —  the  product  of  an  intensive,  four-year  course  of  study  first  initiated  under  the  Clinton 
administration  —  EPA  found  'no  evidence'  suggesting  the  fracturing  of  shallow  coalbed  methane 
reserves  posed  a  threat  to  underground  drinking  water  supplies.  Certainly  you're  aware  that  coalbed 
methane  strata  reside  thousands  of  feet  closer  to  the  water  table  than  shale  formations,  and  that  the 
technology  used  today  to  access  clean-burning  natural  gas  from  these  formations  is  much  more 
advanced  and  sophisticated  than  what  was  available  in  the  past. 

Here  in  Pennsylvania,  fracturing  has  been  in  use  for  more  than  50  years,  and  has  been  tightly  regulated 
by  the  state  almost  before  we  had  a  name  for  it.  Today,  as  you  know,  fracturing  is  considered  a  safe  and 
essential  part  of  the  responsible  development  of  natural  gas,  which  studies  have  shown  has  the  potential 
to  create  nearly  212,000  new  jobs  throughout  Pennsylvania  over  the  next  decade. 
Because  of  tight  regulations  and  laws  in  place,  coupled  with  the  commitment  from  industry  to  protect 
the  environment,  there's  never  been  a  single  case  of  groundwater  contamination  associated  with 
fracturing,  as  noted  by  PA  DEP,  top  EPA  officials,  other  state  regulators,  and  the  Groundwater 
Protection  Council. 

As  EPA's  study  moves  forward,  it's  critical  to  consider  what  the  top  officials  responsible  for  regulating 
fracturing  in  the  Commonwealth  have  said.  Scott  Perry,  director  of  DEP's  bureau  of  oil  and  gas 
management  -  with  whom  my  members  work  closely  with  -  said  this  in  May: 
'We've  never  seen  an  impact  to  fresh  groundwater  directly  from  f racking.' 

'No  one's  ever  documented  drinking  water  wells  that  have  actually  been  shown  to  be  impacted  by 
f  racking.'" 

Source:  http://marcelluscoalition.org/2010/07/msc-to-epa-hydraulic-fracturing-is-%E2%80%9Ca-safe- 
essential-part-of-the-responsible-development-of-natural-gas%E2%80%9D/ 

Representative  John  Sullivan  of  Oklahoman  and  Representative  Mike  Ross  of  Arkansas 
April  27,  2010  letter  to  colleagues 

"Hydraulic  fracturing  plays  a  major  role  in  the  development  of  virtually  all  unconventional  oil  and 
natural  gas  resources  -  as  you  mentioned  in  your  memo  to  members  of  the  Energy  and  Environment 
Subcommittee  on  February  18th  of  this  year  -  and  thus  should  not  be  limited  in  the  absence  of  any 
evidence  that  fracturing  has  damaged  the  environment.  In  fact,  according  to  the  Interstate  Oil  and  Gas 
Compact  Commission,  (IOGCC)  approximately  35,000  wells  are  hydraulically  fractured  annually  in 
the  United  States  and  close  to  one  million  wells  have  been  hydraulically  fractured  in  the  United  States 
since  the  technique's  inception  more  than  60  years  ago,  with  no  known  harm  to  groundwater. 


It  is  our  view  that  U.S.  Environmental  Protection  Agency  (EPA)  regulation  of  hydraulic  fracturing 
under  the  SDWA  would  add  burdensome  and  unnecessary  regulatory  requirements  to  the  drilling  and 
completion  of  oil  and  gas  wells  which  could  result  in  increasing  costs  of  producing  domestic  natural 
gas  resources  without  any  additional  benefit  to  public  health,  safety  or  the  environment.  This  is 
especially  concerning  in  light  of  little  to  no  evidence  that  the  use  of  hydraulic  fracturing  has 
contaminated  drinking  water  supplies." 

Source:  http://sullivan.house.gov/News/DocumentSingle.aspx?DocumentID=182833 

Lisa  Jackson,  Administrator,  U.S.  Environmental  Protection  Agency 
May  24,  2011 

Ms.  Jackson  was  asked  during  a  Committee  on  Oversight  and  Government  Reform  hearing  held  by  the 
U.S.  House  of  Representatives:  "Is  there  any  evidence,  however,  that  hydraulic  fracturing  can  affect 
aquifers  and  water  supplies?" 

Lisa  Jackson:  "There  is  evidence  that  it  can  certainly  affect  them.  I  am  not  aware  of  any  proven  case 
where  the  fracking  process  itself  has  affected  water  although  there  are  investigations  ongoing." 

Source:  http://www.youtube.com/watch?v=2Z-lE5plfZk 


